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Disertaln2 pr8ce moefjfedin&kiEch pP2zdtzd md cl
genetickl cthSyphd dleirda@8Bohu gt 2t n® aplsEini vkgl ¢S
Mod e r n 2 onkol ogée nlal zwhitlsmi somatickTch
vh§dorov®makbHnib&alastk r om t v Bd cpdsliyrip p S eadusot
pS2|linN vzmgkmengBod?PmpSYmwosmdgmnD ovl i vn
konkr ®t & hespektivg gagientaSpeci fi ck® genet itckt® ¢gal
pSedpovRdNt progn-zu pacienta nebo umogRuU,
tzv. bi ol ognejkloawsd NElidrmhd bi t or T voznnkiokpl rTocth
expmesdDvamich ge

Dal g2 %rovn2 je pak vyugi t Zetekott zkvr. ® tvno?lcn
ng§dor ov® DNAangl. citciaNA ng tumor DNA) ,vkrkit er §
onkologicklch pacipeaetilfeAm®al k oain&tpaDkNGA ajva K ¢
Aekut§8 biopsiedf, je aktus8lnhD vel mi atrak
sl edovs8n2 prTbDhu | ®| by p o matbNA, asstd maktglkyj 2 c 2
kdykoliv je potSeba.

Vt ®t 0 pr §cpouzenea znaem!dSTuljeigi T Hj gdkpozhakam
sv®ho pPosnkmdmgick®m|l vinRegmkn&d®r okl §d8&m
publikacemi.

Vr §mci char aktpeerdiizaa oped ¢ k @pdhdir luk&rcimormhem
gt 2t n ®bylagd 28kdy o b nv®ymue2psdt e8nv mgtotlky 2d et ek ce f Yz n 2 c
nal ezenatypobzeeB SRENACCDCEH kter8 bylIRET/RTGjexAenov
Tao zZes byl a zSejmhND pS2|inou agregtivtne®oglp§
osm | e pa@idént.

PSvil zk katou e kt 8§81 n2 c hbylk az &is md T cdho s datijle e
studia ct DNA. Nejprve byla zavedena rutin
bylo v2ce neg lj0ejlpétatmDonbowBnk!l inicklch si:
ctDNAosv NP Bi haldob ®m mo nciiteoblko§vz8anl2o psae, ge ct L

citlivhDjg2zm markerem neg bBRDgnND vyug2van®
odhalit n8vrat n8dor ov ®h otytoot nuermoor conviJen 2 ma(rrkeecr
zobrazovac2 metody. DE§ItodneocdeTnlze griatdink aulkiat

chirurgdstk®dmNDn2 tumorov®ho | ogi ska.
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Zcela jinTm metodickl mkp$dseup&mntolink
bylo studiumi nt r at umor ov® mutal n?2 heterobg®nmntty S
c2| em ocdor orbenjlg i |l okal i zovat a kvliamztkalhfoink o v
Vi 8§ mc i adenomu, byly prekhamacernzech N®bpe kiTac

S5mm.Kagdbk vmen&s[ladalNyzovalkKosgppPadSEtaNy o p
prost omosvteAMaugs ed Aot | i wpchekmntle®&BsemkkEhal o,
ge pS2tomndstonumendRE8jep ovt e n cprediktanemimr z k ® r eci ¢
onemocnpPodokBdi kumeowakdh ®ziA2 ch

PSi <«taudiimomu sldmngkdvd amm ®%iu g mp2o ketadikeu v
det ekceaenokRAStickt er ® jsou hlavn2mUlpSzallimidt = en,
nej vhodnhDjdg2Zm materi 8l em pro vyget Sen? r
di agnostice karcinomu pankkroeatD? krnya tt Semul, nje
cytologick®m vyget Sen?2 oznal?2 na skl 2] ku
DNApouzez ®t 0 obl asti je mogn®iesliedkyskat &&l
rel evantkRARSmut€abt¥yt pdzRakempmaikmbyl o zjigthDn2,
KRASmMu t a &ercinomu pankreatn e j sou rovnooghn®Ravanohpu
paci €oahd. |l zeragyugh€l pS5m pl ®hby § néhledaPilas 0 b
kvalita Z)pasidbth. a



Abstract
Abstract

The dissertation discusses different methodological approafdredetection of
various genetic alterations in three types of solid tumors: thyroid, colorectal and pancreatic
Modern oncological research is based on the knowledge of somatic genetic altemations
tumor. This knowledge, besides providing scientists with an idea of the cause of the
formation of tumors, has the greatest benefit in that it can significantly influence the
treatment of a particular tumor or patient. Specific genetic alterations realictpthe
prognosis of a patient or enable the use of molecularly targeted treatmeat|eso
biological treatment, most often in the form of inhibitors of oncoproteins produced by
expressiorof mutated genes.

The next level is the use of specific geoalterations to monitor the smlled
circulating tumor DNA (ctDNA) that occurs in the lold of oncological patientsThe
investigation of genetic alterations from the blood, also referred to as "liquid biopsy", is
currently a very attractive approadat allows nofinvasive monitoring of the course of
treatment using rising or falling levels of present genetic alteration, virtually whenever
needed.

In this work, | focus only on the most important findings and results obtained during
my work in oncologtal research of solid tumors, which illustrate with relevant
publications.

During the characterization ofc@hortof paediatric patients witpapillary thyroid
cancer, a new atypical fusion ®RETandCCDC6genes, nameRET/PTClex9was found
thanks toa minor improvement in the existimgethodology for detection of fusion genes.
This fusion was apparently the cause of aggressiaaifestationof papillary thyroid
cancer in a eightyearold patient.

In colorectal cancerresearch major discoveries wermade during the study of
ctDNA. First, a routine sensitive methodology for the detection of ctDNA was introduced
and then its application in various clinical situations was studied for more than 10 years.
CtDNA has proven most effective in lotgrm moniteing of patientslt has been shown
that ctDNA can be a more sensitive marker than commonly used protein tumor markers
and that it can deteacancer recurrencearlier than these tumor markers or imaging
methods.Furthermore, it is an important indicator assessing the radicaliof surgical

removal of tumor lesions.



Abstract

A completely different methodological approasfas also used in the research of
colorectal carcinomasto study intratumor mutational heterogeneity of precancerous
colorectal lesionsin orde to locate and quantify different mutant clones within the
adenoman as much detail as possible, precancerous lesions were divided into miniature
samples with a volume of approximat@ymm?. Each of the samples was subsequently
analyzed separaielln addition to the idea dfhe precise spatial location and quantification
of individual mutations in precancerous lesions, it was shown that the presence of a
mutation in the 7th exon of tHEP53gene is a predictor of early disease recurrence in the
form of new metachronous lesions.

During the research gbancreatic cancer significant progress was made in the
methodology of detectindkRAS gene mutations, which are the main subject of my
researchlt turned out that the most suitable material tfteg examinadbn of mutations is
the biopsy material obtained during the diagnosis of pancreatic canwsaredon a
cytological slide. Thanks to the fact that the pathologist during the cytological examination
marks on the slide the tumor cell area and thanks tostiation of DNA only from this
area it is possible to eliminate false negative resultoatan a truly relevant detection of
KRAS mutations.The key finding was that the individual types KWRAS mutations in
pancreatic cancer are not equivalent axal affect the prognosis of patientbhis can be
used inrational planning of treatmengespecially with regard to the quality of life and

burden of the patient.
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Sezam pougitlich zkratek a symbol T
Zkratka | Anglicky Lesky
ALK Anaplastic Lymphoma Kinase gen pro ki m8z anapl
lymfomu
APC Adenomatous Polyposis Coli gen famili8rn? a
ARTN Artemin artemin
BRAF V-raf murine sarcoma Vvirg v i r opwoioonkogen wr a f m
onmgene homolog B1 sarkomu, homolog B1
CA199 | Cancerantigen 199 tumorovl i@4ntigen
cDNA Complementary DNA Kompl ement 8rn2 D
CEA Carcinoembryoni@ntigen karcinoembryon§l
ciDNA Circulatingcelli free DNA cirkul uj2c2 Avol n§i
CIMP CpG island methylatorenotype |[Fenot yp S h ynp €pGr
ostr T Tvky
CIN Chromosomalrnistability chromozom8l n?2 ne
CRC Colorectal ancer kol orekt 8l n2 Kkar
CT Compued bmography vlipoletn2 tomogr
ctDNA Circulating imor DNA cirkuluj2c?2 n8do
DCC Deleted in colorectal canceruthor nep S2t omen kol or
suppressor gehe karcinomu, tumor
DNA Deoxyriboucleic aid deoxyri bonukl eov
dPCR Digital PCR digit8§l n2 PCR
EGFR Epidermal growth factor receptor | genproreceptored d e r 8 | n 2
r T s@odaktoru
ERK Extracellularsignatregulated genproki nusregulovammu
Kinase extracelul 8§rn2zm
EUS endoscopic ultrasonography endoskopick8 ul't
EUSI endoscopic ultrasonographyine |[endoskopi ckou ul
FN(A)B needle(aspiration biopsy nav §d IpsieSenkou jehlou
FFPE Formalin ixed parrafin enbedded |( t k § R) fi xovan§
parafinu
FN(A) B | Fine-needle(aspiration biopsy (aspird n Pbiopsie tenkou jehlou
GDN Glial Cell Line-Derived neurotrofickIl nlf
Neurotrophic Factor gliov® bunhD|l n® |
KRAS Kirsten rat sarcoma viral oncogen ho mo | o g V iprotaonk@éna
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LOH Loss of heterozygozyty ztr8ta heterozyg
MAPK Mitogen-activated proteinikase |prot ei nki n§8za akt.
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protein kinase kinase 1 proteinkin8§za Kki
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p8rovs8§n2 DNA
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NRTN Neurturin neurturin
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1 Pvod

L 8§sdti sert al n? pr8ce vBDnuj2c?2 se karcino
OddnRl en2 molekul 8rn2 endokriPmangi eVEslde &
| 8§sti pr8ce jssouedapdagemy | VEmkBpakpuobhn®m
zahrani|ln2m periodi k®, VKtjpmiuklitaeeluveden v k

1. Halkova T, Dvorakova S, Vaclavikova E, Sykorova V, Vcelak J, Sykorova P,
Vicek P, Reboun M, Katra R, Kodetova D, Schrumpf M, van Wezel T, Morreau H,
Bendlova B. A novel RET/PTC variant detected in a pediatric patient with papillary
thyroid cancer without ionizationistory. Hum Pathol.2015 46: 19621960. IF =
2.7

Vizkum tT kaj 2 c?2karsce nloonlTo rae kk sBatunbyinpdoweden p a n |
vCentru aplikovan® ogreThoWikkp®sol vid h Prade. GE& d
Visledky t®to | 8sti pr8ci | soui nspharkntucvya nv
zahrani|n2chkperi ojdsapchoéee Byiblikace24d ky | ak

2. BenegoHs88 klo,v 8PtT8] kovg§8 R, Semyakina A, M
M, Levl M, Gimga J, Pazd2rek F, Hoch
postoperative followup of patients with metastatic colorectahncer using
circulating tumor DNAWorld J GastroenteroR019 25: 69396948.IF = 4.3

3. H8l koy8 PT 8| kov 8§ R, Semyakina A, Such§
Hej cmanov§8 K, M8j ek O, Bureg J, Zavor a
Mutations in Exon 7 offte TP53Gene in Index Colorectal Lesions Are Associated
with the Early Occurrence of Metachronous Adeno@encers2022 14:2823.1F
=52

4. H81 kov 8 BOngani | B, Traboul si E, Mi n§r
Prognostic Role of Specifi€RASMutations Detected in Aspirationand Liquid
Biopsies from Patients with Pancreatic CanGames2024 15: 1302.1F = 2.8
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1.1 NS§dorovs8 onemocnin?2

Ng§domme®noénPsou po kardiovaskwlsymMn2ouvl) a
nej | asti Mjom?2 3Jguadritd2t.l iovw88 noSndeomoc nNn2 jsou ve
mo hou posti hnout praXdgeclhkrya jmakdakoV g v on é&
geneticky podm2nhDng§, rmmatf @deng peb 2 bjudndikg enad
alterace, nejl|l astDji mut ace v DNA.

NSdomghouhebddi t §rn2 (f amatb pokudnedispozicklkd i | n
jejich vzniku( mut ace odpoaDdm@@@ma §gemdwe) n1 dre dmEn Bl
otzv.germing§l n2, (vE8omuhee®Pn®t er ® jsou pak pS
buRk&8ch organi s@beap®hoddws @Bd t p atoay 802 m
Typicky se jedn8 o0 mut aceodstavendP, skpee®orm
recesi vn? rcohzavroajkit em8 daorkov®h o o n emuoctcanclln 2d rtue
alely genuvsomat i ckp@2 s Bag@ &t ¢ kpr 8ce se vgak z:
sporadick® formy n8dorkavelrdh honem8pammds tck
n8§dozgi kivgnt somat i mki azh®r awloanat i ©kdd & Kejich
n§s | etdrnaorus fwbunRlkcyY n8&dor ov®. se \Vfnka@arj v & omu R lo
mechani smTm bunDIMTon ®de wr okbhelt a®e.k dgefick | e dk
nekontrolova® mu mn o § e ni? § da®ika@viLigdetia DeGregori2017). Pokud
zmnogen2m transformovanlch bunhDk s olzind rk2nme
n§denr Druhou skupinou n8§dorovich onemocnDh
(l euk®mi e) a lymfoidn2z malignity (Il ymfomy)

Mal i gn?2 t jepostspho rpmaocced s lS§k 2ndnoha hi st ol ¢
mor fol ogi ce&tlimc kd m g @maigre€ al. 2024) Krom j i § z m2 nD
nekontrolovan®dpr ol Rf ddnidtisj 2sle awl c hb wsmoMat i
tak® ztr8§touekonvtakhamendhi hbeapbuRenuakeu
rTst, mohou bevgt T§6at sphl euskvogveintefbSotdb ¥ av @ b u
navmrco g ? po neomezenl pol et genemM8ddr av ® ¢
buRkRgpot Sethse} tlackiti mliist ovdbontih §fz@kturryi ch t a
povrchovTich anretvnkeanjT2, klmigr od e ({Gonzatekzet al.2 h o
2018,Hanahara Weinberg2000)
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1.2 Onkogenetika

Pro mal i gn? t ransf or mapecotoonkpgeneeh a wrBos a d n 2
supresorov,]clo@oeenj&eoldcproteiny, jejichg nc¢
(protoonkogenyn e b o nao p ak (tumorrsgptesoryf pihkaes?t ovou v Ik
buRKky aj e/je2d en &k ont r o(Hanahana ®einperg@00@ $henetaat i
2024) Protoonkogeny k-duj ? pr ot eu pmoliferacilat er ®
dif erenciaci a i nhi b uwjajr Jasifaspmy, receptoypP @t $ 7T s me 2
faktory, pr ot ei nbyu nshi| ghr®gklioy, 2ydyinkdl ep ahd e nt, n 2 Kk
transkri @l n2nhfibittory @poptoonk.o gt addd ga nto
tzv. hotspotechkodonyp S2 p. slealsmyvi skytemjmatsad®di ). sK
bodov® mutace, m®nN | ashebadedgeney ®Ipk mpl ®]
protoonkogen ak§&sezndly § o nkiwdgeem? st ata’8 yneudt na& ea
protoonkogenti jde o tzv.d o mi nant n {Andersphed alel992) Ty pi ¢ k T mi
pSedsipawit to®In k RETEKRAS BRAFaRIK3CA

Tumor supresorov® geny negaltiifvenria crie g ull au
to geny k-dujirgAa8limhitbidowalyGowhn2 neght owvn?
apopt-zy a DNA reparaln?2 proteiny. K i nakt
dvoj 2 hoi taygjdeaomaktivacitzv. r e ¢ e miimutacémi, kter® inakt
alelytumorsupresorlNej | ast NDji se jedn8 o bodovou mu
a n8slednD bodovou mutaci na dirzangl@ssadfel e
heterozygosity, ,2db@t apihgedmedoizpkmddpdyy)lea c ?
ost rvprko[mo toblasth gem(Lipsick 2020, Cheret al. 2020) Bodov® mut :
tumor supr eestoreomivwaj 2gemot spoty vIiskytu, |
kter ®@mkoiniuy alRkokerVchBeexygs&yghoppvds exantt Nj i
genuAPC nebov 5. - 8. exoru genuTP53. V roce 1990 bylytjumors upr esor ov ®
uzn8ny za stejnDhD kIl 2 |proteo@ogpnmylopsick2@2@) o | rakovi

Mal i gn2 tr gpnesf amuintdad ey jme d samaic k ® u R {z.
inicovar8 b u Rk a) a jej2zm klon8Il n2m zkn8n ong8ednd?rno v
| ogi sko. nBotgheenme zkearscei pakj e®dhgt houl dih oknladae
buRky dal g2 g einteat kiapitdda®@.5.%al obbr.e8r kapitoa 1.5.4 a obr. 9),
takgevVisledn® mdger Vi@ mpaSste omno mnoho ki
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b u n Mekto jevsen a z Inret umor ov § mut allfH. Pohder toebrnddy e n iot
pojedn8vBgh4dkapitol a

13 Charakter vzorkT pro em’kogeneti cKkf@

PSi studiu solidn2chnigdlbirRajeér moygyn®z @rk
jednB&mroazenou tnk§&Rog lo@g®wmo p e rnakioiobioptickou t k § R
z2skanou nap$S. i tkloulsotn@®hsok o pi Soesvoae b g r abfNihcel
vyden2 pSi diagnostice karcinomu paB&heat
vzorklfetgtwvv® zmrazen®amgldorfove®s it kf§S®demr ht i
des2tek a@ st otveekky nzgdel a dost aVmhPef@emrwog
kt omu, ge tyto vzorky nejsou pSed zmragen?:
zhodnocen?2, |jeé2mot §eba apoloupamn2ssl edovanl
bTt nigg2 nlecgh jderzuihoFmD (@Uvijz nd81 e) . ®DTwad esrk «
je smhRs2 n8g8§dorovich i nen§dmoeam&darho wlucnh kb w
sniguje z8chyt geneticklch mutac2. To mT¢g
kde bTvaj2 n8§dorov® buRky zastoupengh.mi no
D&l e je potlSedba vp @l 2ktaspti tvl a 1.2 a 1.5.4)
rTznT mi mut acemi totig tak® sniguje jejic
ni kdy nen?2 jasn®, zda jpvécpShuoméremj kdoind|
rTznTmi muvedemichZdTvodT je tSeba u tnRch
negativitou.

PSesnhDj g2 charakterizace fvmom®fTi v Intohd nt
t zv. FFPE bl forkdlin fixed parsafing énbeddedl neto bi opt i ckT ¢
cytologickhah mnBt®sRKopi sk®m skl 2] ku, kter
respektive cytologickyzhodnoceny patologem a pak teprve poskytnuty pro izolaci a
anal T zuPalMA.og tak nmal gmr evpyazrn8at|ui t kvolnskkny@iten 2
ngdorovich bunhRk, ze kter® komplikace&p S 2znoll so?v .
neng8§dorovizhs ti8g®kBko,bl & VS hodou tRchto ar
prepar 8t T je mognost uskl adniDn?2 pSi pokoj
DNA pouzezomezen®ho mno gx&lvee bravt§eaDBAUmrov ] ch
vliivem fixace tk8nhD ve formal dehydu fragm

v®snegati vn2Zmu ovlivnhDn2z PCR reakce.
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Dal g2 modern2 wvariantcdu kjud ad é \c@kctdBgWD K A
zand.d rcul ating tumor DNA). Prvm3mlledoRBemej
plazny od krevn2ch bunBDk <centrifoghkdv§g Vv dl
( cir k DNAI g plazrhy) (cfDNA zang |l . cel l free jDeNAI), ctj @
Vtomto pS2padh je anallza DNA zat?2dena st
ng§dorov® tk8&8nhD, protoge se ophDt jedn8 o ai
anallTzavyd®ddNWAj e vysoce.Poidtrloibndi i menh GatigkNA
kapitolal.55.
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1.4 Karcinomy gt 2& ng!l §zvy

Karcinomy jgscdu n®omgDitEe@ySe z®Sh ®%p i yoddc il raq)
di agnosti kovanT c hjsokrejrad tmajmilggnint cm®aMdokr i |
(cca 90%). Mani festuj2vbkeh vek wRietc&mbv Nkior azn N
viskyt pompemnm 1 0 , Jdjichanpideoncecie | s gpdkonce2®)
stos$edhhe TULESS kK® repubbdbceeldDFd4d4odivagnosti ko
vroce 2021b y | o r e guigs t Ir lgpheBS(AAS 2021) N § st ThcidencemT g e me
| §8stelnhD vysvDtlitpomboep g eanh drumaavdSothmipagReskbui R o u
jehlou EUS - FNAB z angl. endoscopic ultrasonographyine needle aspiration biopsy
D2 llttaz vuk ov ®mu  vsgug| eat sSheons?t ij emovgn® det ekovat
cm, tzv. mi kr o kyawneii muwolnoys, t i k t deer t®e(Rbsyellet ab | n ®
2023) Rostouc?2 trend i ncizdvelrgceen nife r doSahca fem$iTs L
zpsSPNn2 diagnodeéei vhhkheBeddmdrgizcgd aktory, Kkt
rostouc?2 pol et kzaerjcm®noamTe ngvti2rtonn@®@negnlt88zlyn,2 p o
mi krobioty, |i nadmBDrn® vyug2vs8n2 reeaht gen.
2019 Kim et al. 2020, Kitaharaa Schneide2022).

141 Anatomie ¢gt2tn® ¢gl 8zy

Gt2tng§ ¢l gandulathyroideéhi njsek yendokrimnpSgtgzal
krku v obl ast. hrtanu pod gt2tnou chrupayv
t mavhD | erveamdokl bmawruch hd j e pok(Vphemtiavazi \
Shaha2012. Skl 8d8 se ze dvou | al okT, kter® |
(sthmu3 . Na zadn2? stranhD gt 2dtvra® pgir§z yp S2sja 2 ton
i sthmu mTge vddmbDwyern] sk ah | & lpbua pyrami&alisn 2j alkaol §a k
pozTstatek sestupaggnéza.® \§i §crybbbaichigtanudmnd h
a gl 8za pak exi st uj e (Mphabatoa Sthhad012sKhateavisataat n ®
Awati 2015)

Gt2tngegltedyg tvarovilnpPamPr pISi pam2 algi It vz
jindy p2smene H. Nej |labstdiu met viga k( wpiSz r b
velikostioboud | ok T (obvykI eseccgat 25t nx§ 23 Ix§ n3ajcentl § 2 o
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endokrinn2ch ¢l §zg ou vdSozEeankpwi aithl 9B5gKndlawkara
Awati 2015).

\\-m
| o —
[
|
|
I
s’ \’/'
— r
~ —y pyramidalni
= . ; ' lalok
ititng _| | '.— levy lalok
#laza L1 ; . | isthmus
> pravy lalok
ar ;
o ’-'k.
—
-
| —
- —

Obr. 1 Anat orniigé §gta2 p8® @Plohiyedu zepSedu.

P Se v a aptageno dlénihy MoiniJ et al. Epidemiology of Endocrin@umors, Chapter * Endocrine
Glands Do st uzpweBb o v ®ky Mtpsr/ABww.sciencedirect.com/topics/mediearal-dentistry/thyroid
gland

Mi kroskopicky je gt2Tn8dugligha ktud oSdrntd
ohranlenT ch jednou «ehbarkwbri2ABo| i Kall §kwmkP &§r n2 bu
dovnitS folikulu koloid obsahh¢grménT y3 e®,g:
tetrajodthyroninu {trijodothyramivu (T3) Me 24 ) f al i 3k,uld
burRk ami j sou r @2t rka@u eunRyki ykayrTa f p hoonbm Kaloitprinc 2
(obr. 2 B)

Folikularni buiika

Parafolikularni buiika
Obr . 2 Foli kulAy poRte® @l &ktyr o mBp pohled miknoskopemp 8o p e m,

cytologick®m vyget Sen?
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142 Papil 8rn2 karcihdbimgrnagtni®k gl & zly®| b a

Kar ci ntom® @lt&zy padlepzTdvidd duy eanes t u Kladfikadei f e r e
ng§dorT gt2tn® ¢l 8§zy jpatmadog8kkadhB mowodkk
neust 8§l e zpSesRovV §naal2022aJuliliretall 2022, Res§ Baloch( B a | «
2023.

Majoritn?2 skupinou jsou karcinomy odvoz
papi | &cimt (PTC) , invazi vin?2l i kpbfezdSenvoaur i ant
karcinomu, f ol i kul 8r n2onkacy¢i &0 m?2 higkgradecnienaonna p |l ast i
karcinomaanapl ast i c k(Balochatrac202p hp ar af ol i kowln8Xxkn 2 c
vy ¢ mezd2u | Kacimodn sp r e v a2l%dLimcetal 2017)

Nep DgnnNj g2m typem je ,palfi8 eftntddukoajigeiti & o m
gt 2t g@méthlgadn,aked byl p&OHEmMNY & mk umu

PTC je diagnostikovs8n vDtginou po n8hoc
nebo | PERSadet Blenym | e ,ulkttreasSo r oqgapaeienteey a z i
nezat NDguj.2PEC seprRitrasodografiiprojevj e j ako hypoechoge
gpatnhD definkKeast mihomdadnibtggiv.gak vede ag cy
vyget Sen?2 bioptick@®bmo maFreABIPSliu podelrrzeem@h
PTC je paci eapdraciVndielskwsrneplpebkeroeges8n radik
tot 8§l n2 thyrjeeohodée ket Bmin®@oa pe z kT pwirsokvynt§ ne e
m®n N radi K81 n2 mi z8kroky (hemithyreidek
suplementace pacienta tyroem (Yanget al. 2024) Vs o u | a s nfe®nezl adbofhou
veSejnost? vedena diskuse®| dNm@®kMyT xd?P knSlanh
zej m®Ana oUdPArpddporzuj 2 sp2gehdadcemodeéearysr eagd
n8doru a dopor alaecne® hpoo nr8ohzasj@h umodpe kul 8r n2 m

K charakterizaci e s e k o RTE pa®lbgems e v yTuNJM vs8y ldakifiRane,
kdeT je <charakteristi kou pr, INmSchargkterstikon 8 d or «
metast8&8z do pSilehl Tacvh jley mé marn @kt €mhi suzlkic
me t a gviz 8abkulkal). Na z 8kl adnN TNM k| staovlijgplo&c ® | 8 £ 0
(st 8di uwptablk® 2 TNM syst®m kl asi fi kace aPTC |
aktus8l nhD je pl(Brierfreget 3l.201L0) MBad@g@di paci ent i m
pS2znivNhjwseosaur smgrcchzw,r l uj 2 pouze stadia I
| i pS2tomnosti Ndj g DE&§h 8.ceid TNdtkiassfikagezie psun
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cuto f f apkvulo dn?2 cmla 6% |l ettt Cog umo g &yesivity z p S
n 8 d (Namet al.2018, Gholamet al.2024).

Tab. 1 TNM klasifikace PTC (8. edice)

X nelze hodnotit

TO nen2 pS2tomen

T1 omezen na ¢gt2tnou gl

T2 omezen na ¢gt2tnou ¢l
Charakteristika T3a omezen waglddnd no

pri m8rnz2ho makroskopick8 extrat

a
T3b do pS2| nhN pruhovan®

y

s

T4a postihuje podkog?2, h
zvratnl nerv

T4b posti huje prevertebr

nebok m|2 t epnu

NX nelze hodnotit
PS2tomnost |NO nej sou pS2tomny
viegi on81l n?2 )
uinn§ctha metast@vzenuzBIl n2m kot
N1b met astrvdayt ewz8llin2 m kom
MX nelze hodnotit
PSztomnost |y nejsou pS2tomny
met ast §z _ ,
M1 ] sou pS2tomnony

Tab.2 Ur | ov8§n2 st8§dia PT@edidl e TNM klasifikace

PTC, v Bidet <

Stadium | jak®koliv jak®kol i MO

Stadium I jak®koliv jak®kol i M1

PTC, v Bsket O

Stadium | Tla, T1b NO MO

Stadium |I T2 NO MO

Stadium Il T3 NO MO
T1,T2, T3 Nla MO

Stadium IVa T1,T2, T3 N1b MO
T4a j ak®kol i MO
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Stadium Vb T4b j ak®kol i MO
Stadium IVc jak®koliv jak®koli M1
Jako poop e rsagadiehtovip e d adiojed 4. C2 1 em je el

zbytky tk&nhn a pS2 p¥idnsRe npeot daSsit88ezpye o oRmBlli k0§ 1
aktivitou 3,7 GBq, pokud jsou pS2tomny 1| o
4,47 74 GBqg) ( VI |2808). Paci ent i j sou d8§l eVr8an ogi
di spenzari zace podstupuj 2 pr awmhD$ehadi® ul t
tyreoglobulinu vkrvi (sl ougmaijl&mom r eci di edpou aan doletn Nn 2
podstupwué 2 odtBuikigafi radi oj -dem. PSi zwl] gen?
nebop S i pezimitvmgdy afii je indikov8na terapie

V5-15 % pS2padT jsou | ogiska(kacctkt hip@l§b g
radi ojWodeng014).Vt akov®m pS2pap82 pnaetdrejsrelkojyvak e
nebo rekurenthhkoar ci nomu ¢gt2tn® gl 8zybi mTogi bk® |
tyrozink i n§zov 1 minai zBikb iadddr grudndgae® o (ZBangekag n i
2022, Cortas a Charalambous2023). Ko n kr e pF ast NDjjsQP uvethamyt @ c e
n § s | e dpitgle2Chemotdraje a radioteraghb T v § obecn @z B ovdddkgad vm®rus
ag po vylerpg8n2 vgech ostatn2ch | ® ebnlch

Progn-za pacientT s PTC jelwsinmiu pi$agmio
kdy vRDtgina PTC je Idi aBRAbisték®vESadiRe2vskt ®
0 b do b7 2029Ddbsahovalo hodnoty 98,8(%RIS 2021).

1.4.3 Onkogenetika PTC

Vsoul asn®dd bzBnes kiystodsuwmwm@ t i ¢ kvikyP$C Zaihmyn u j 2

v cca50 % mutaciv BRAFgenu (Val600Glu)v cca 15 %mutace VRASgenechit e j | ast D]
NRAS m®n BIRASakRA®avi5%vzni k f %reéeptgpndizchkin
(hej | ®RETINMEINiN NTRKaALK protoonkogenysj i nT mi  bRgnN expr
geny (n a pN&kiforov a Nikiforova 2011, Faginet al. 2023, Landaa Cabanillas2024).

Vgechrny tgeny k- duj ? si gn 8l n?2-Acpvatedt Rroteim y M A
Kinase proteinkin8sa) akt(@h@y arkd emgt digeany Kk
vbunDlI n® prolifer aci(Bahadet d. 2013 Robartsa®er 20284. ap o p
Mut ace zm2nRnlch genT pak UMW PHEC] 2 ea ktyisk

10
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mutace vpromotoru genurERT, kterT k-duje katalytickou

mutace jsou spojenyasg r esi vn2 m c (Lioet8l.2624p n8dor u

Rlstovy
faktor

Receptorova

tyrosinkindsa | «— RET/PTC fluze
«— NTRK1 flze
+— ALK faze

Ras
protein <+— RAS mutace
<+— BRAF mutace
protein

Proteinkinasa
aktivovand

CYTOPLAZMA

mitogeny

(MAPK)

JADRO Transkripéni
faktor

Obr . 3 Schematick® zn8§zovh®hANDMARMKstsDynh8&hep| as@8Mjy
v e d o u cozvojilPT&K

Uveden® somatick® zmRDny omte®ImSEK arkaiyn ovmy
nal ®z28ny s rTznou frekpiem8éhvpadizedntch. vN&[
RETprotjonkogenu jsou pS2tomny ve VvDtggRAFM2 Se
mut ace isyskytdjewd 0 Op DIl ® [zah@nietah2020) ( £el kov D, be:
na vRk, lze S2ci,s agmeatniDkkleaohs alet ezrmecn?Nnjlec hg
t k §(Nikiforov a Nikiforova 2011) Ve zbTvaj2c2ch 30 % pS?
pS2|lina vzni,duk Y TrConeajni§sm8ysoclkulc§rtd2 vdicdl
posl edntdebedivbma@gm®2 ky sekveno@WES)2 |nsoovu® vgge
nal ®z8ny dal g2 somat ivezkn® kz nPIING/ ,i kda setraRt nzzacpr
g | §Qykorovaet al 2015 Pekovaet al 2020, BulanovdPekovaet al. 2023. Nal e z e n 2
dal g2ch genefjeckiT¢rrgma®kaerT m®na kvTli pSe
predi kci c Abma8iaRandea&dbanilla024) VI skyt urlit® |

11
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bTt totig charakteristickIl prNap Bointidertcd f e
mutaceBRAF smutacemiTERT genu je spojenacbr ovs ki m synergi cklI

agresivitu n8dor u, projevuj?2c?2 se vyag? r
al. 2014, Liuet al.2024).Nej nov D] i se ukazuj e, ge agresi
ng§dory s PEPTOSd sk y kéyn?5m % pS2padT | e

met astazovg§n2m do pSilehl T plB2tymiagtickivael
metat 8z ( Bul astal@3)Pek ov a

BNDhewl zkuPTf@ j sem se zamhNSoval a REI/BCM®n a
pSeskupen?z.

1.43.1RET/IPTC pSeskupen?

RETjepr ot oonkolgedyj e ttemr douseveptorovoulE WO @ z U (Vg i n § z
Obr 3).J e | ok aldlzoowh§&m r@achr@rokomu (10g11.2) a obsahuje 21
exor[, kter &x kr da gekony B-r Iy trans me({@omn §)a v ou
i ntracel ul-8)tnyr o zeixmokni nl§88z ovou do m®aMuliqdie T pr
200Q De Grootet al.2006.

RET protein je aktivovsgn Kkonspnuejejeon | i g
di merizaci, cog je krizvioovlRl akKtdwulpaydn @ 2 ¢ &k
zn8my 4 | igandy RET receptoru: neurotrofi

(GDN), neurturin (NRTN), @imin (ARTN) a persein (PSPN) Jejichlor eceptdor y pe
rodiny tzv. GDNFf ami |y recept otraki® (4GFRpJSi lae njgs okua g d
NTN, ART a PSP m§ svTj <AgSantadroétial B0k Arighbete cep

al. 2005)
GenproRETr eceptor je hbpgndf ekipkulm®8wvi@hch bu
a jeho aktivuj2c? metdadc &r vehlo u k & rec Venzormuk 1

folikul 8rn2zch b jeRxXpréseRET gabpakvein®o njd SaBEe)s 4 @k
mTge wPIC akti vavtdmomoc?2 RET/PN. pE s k u p(angl2
rearrangemetRET/PTCv z nf #t82 i ntracel w® 8doRE®Dgeyu@dz i nk
konec vznilkl ® i n®Wi) gkeonnuwe ni k ki@l j feazvee) f ol i ku
buRkS&ch gt 2 innd® edxlpla ym Grur pRET pkojoonkogesmu promotor
(Nikiforov 2002) F ¥4z n& n @ Qi p r RETomakvazgoso ryuhanjodimerizaci

12
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f uzn2ch proteinT RET/PTC.oWlcsh ep SREFRTG peg n 2¢
jsou v buRkS8&8ch gt2tn® ¢gl 8zy konstiTaumivn
vzni k8§ st 8l e aktivn? chi mestckE8S8 fnéxma acr
transmembr 8 nao vjoeu pdroom @ncyttoplderdll i z ovans§

RET/PTCpS &«sipeahivk ad Ps | e d k u mé&ihhismerp aornalc e nt r i
inverze(viz obr. 4)d I ouh ®ho r am®n k(mtracthmr omMmoz om&il 20 t r ¢
nebo m®n | astn jtakansirelca e olme zi 10q é
(interchr omo z o nfRidrattiet alt1996)n s | ok ac e

-
h- 4 ‘o o VloZeni
DNAzlomy / 28 \ invertované
:‘ )
[ 3

i " 8 DNA
J Inverze T

.

Obr. 4 Schematick® zn8§8zonrenna?s tplkrga2cheon tnmei cchka®n iisnnvue rvze
RET/PTCQp Seskuen?z .

Upraveno podle US. National Lbrary of Medicing dost upn® z
https://medlineplus.gov/genetics/understanding/mutationsanddisorders/structuralchanges

Vzhledem k 0 mu ,e zlgneu vIMNA RETpr ot oon k o g eld introduw ¢c h § z
ale konkr®tn2 pozice se IRETGPICp Sjes kupan® 't

(kompl ement 8rn2 DNA neobsahuj 2mRNA)jvieohr.ony
5.

CCcDC6 RET
ex1 ex12
intl + int11
DNA:
CCDC6 RET

exl exl12

Obr. 5 SchematniDoR GREDRTGLarcter a c e | u | RETgeAu (12-20neRam)ge
pSipojena za pr omdeouEGDCEse zlompv 1 mtron&ETa 1. imtrenoCCDC6

13
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RET/PTCp Ses kjug@ehast NDjpgo?s t i hdilenaatBE o s@alll
PTCspoj enlch s r(Mkifdroz P092 Romei s Hisei2@12) V soul as
dobnD j emei m@md 5d0r uRETPAdpcShe skupen2 ayjugjtem
NGS rychl e setal@alp Bulagovdekornaat al.2023).

Nej bnRngnnNj gpRET/PTGA(vie abr. 5)d an® f Y%z E€CDE6( g &SR e
H4), kte®p Se d s 604V Q| & REALTD S& u peBRET/PTC3dan® f Yz 2
genemELEL, k't e20®30|%vtg® ch p SEETRPIGRdrt ekovan® v
pS2padT vgech pSetalklaos dikiforovacBal.20§2).0g baen2 f o1
RET/PTCbyly detekov8ny vDtginou jen v jedin®r

Nedmov byly publikovg8&8ny studie provedent
dosphRIT¢eAn@Badai yngt 2t neé alg202®,zBulan¢v® Pekavat al
2023) . Bylo detekovE&8RBIfé&wePkeMyR20o fWznBclge
pouzeuPTQ 11, 4 % PBC) enpFilsemg t Si kr &t | ast nj
pacientT (29, 8 %%). (BuadovalPekdovatsalp202B) ch (8, 7

1.4.3.2Metodika detekce expres&kRET/PTCg e n T

PSdetelcie x pr ese f RETMPTCIAREF/RTCIVP TC tske§ nviyu g2 v
cDNA, jak | ipmS edyd o zSRer| kemmpoir wdPeCLRg ibtT® aj 2 na
tak, aby amplifikovat m?2 sd. ¥p F2YpRETRTCltedy v1. exonu CCDC6a 12.
exonuRETavp S 2 (RETUPATC3/ 1. exonuELEla 12. exontlRET.Z § r oj@ e Rl edo v §r
iexpressk onthrao lmBi kvit §r nh @xpdAPDhmebaGaihucabyg e n u ,
se ovNRSilo, ¢§e r enaerNzAn 2b ytl raaan/sskir N goncge.ePSRK\N\Aa |
k a @adn adbll wrfa vz&Szengpozi ti vn2 a itedysasdi ek2eXxpmit mi
a neexprimuj2c?2 Vabe#gnTbyf %zen2mhgkynd a mmlgynmc
dupli k8tech | i triplik8tech.

Hi storicky s e expr ese elkfiafaretickyh d eg eerkTc 2 |
odpov2daj?2c?2hoa®&R- pawo@m k v ehid@m bromidem. Tuto
metodunahr adi | a eatyime PCRe kte§2 j B dnes poug2v8&na z
zn&mlch genopvwlsclhedi®%zh. |t ech sweyudjrankd® 1 z
vysokokapacitnZx2pB8h®t RINW, sjekk @ NEBgatzal p o mo
2020, fetoak 2022y Bulaova Pekovaet al 2 0 2 3) . Vihodou toho

14
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mognost anallzy rTznTch tme{dniéddennt2icfhi kgaecneT
typT f Yz?2 .

PSi sv ® pdet€kciRET/PTECmy u ¢ 2reakiirheaPCR. Vev T s | ed k o v ¢
| §diisert admpi spuj8ic,e j ak | s engiodidet fkSi dl mdm®a za
kSiv@k2 PCR pr od wektnk PPRI naeHan o v ®n ap B e s k b ®e n
RET/PTCExQ Popi s t ohan eptéhsosvkdervé hEnke, nktreBh |
Publikacelvk api t ol e. 3 VIisl edky
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15 Kol orekt 8lmy2 karcino

Pojemlo|l or e kt 8 |yn(ERCkcalorectal taneer) a hr nuj e n8dory
s t S@ntestinum crassujma  k o n drectud.kTuyt o n§dory patiS? m e
k31122021 lgeslo®vrepubdolres 602 B9& onemocnhn?2
na 100 000 osolncidence CRCY Rdo r oku 2002 swepalapotointe v I r

roce je patrn8 stabilizace a od rokaev2013
roce 2021\ R di agnosti kov8&no 6901 novich pS2pa
(1,5:1oproti neend&m),Nj i v e( BZN KSu. RoBlslincideOce je e t

pSil 2t &ndlzeijhmofuré & & c2n ket organizovaBmuc e | omu §t n 2
saeeningy ® mprogramu. K1 es aj 2 ¢ 2 t rr eevnnd ngjrtadity, ip az del z Sej
z8sl uhou screeningovich vygetSen?2, protog
vianl ch (Isat)SlthkjevcghaBi | et ® pSegi@?2 YacH2INS T2 0§ 2

151 Anatomie tlust®ho stSeva a konel|] n2ku

Tl ust @ psotsTeevdtnr § \ iScsk amr plBi cd §z 2 tkeangkadhiot
st Seva, aby selezdeidS8ll, & 8zamechii sgtuisl®aR® s 6 Sk v o
sl epl m (mtesénen caeam), kter® perauvu®Polgehel n2 | &§mD.
jel er vovi t bppandeverfiermlNa sl ep® stlSawm?2 nlagsatz uf
st Setvraa | colénk Ko(l mo vpzoh Tpruav® stranup@t ivicyesh
tr aloolénkasc¢des) ag pod | 8tr a, k e bfipx@rd hépitia, 2 %
hepat 8§l n2odtllecxumapS2a do jpkep®2 poi ocvlenay n |
transversujm ke s | e z iflexura®lienalis o Hh2en@1l n2 fl exura).
stSevoragke¢lemopdd® | ev® strany dutiny bs$
jako sest upnT colonr degcendehs N nMgvazuj e e sohn t 8 I
sigmoideume s o ¢ ir ta)l n & k k orectu).nV¥ kss { D h & sstt@®heov aanug e Si
(Kahaiet al 2023.
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hepatalni Hovara
flexura
colon transversum
= {pricny traénik)
colon ). colon
ascendens (| descendens
(vzestupny / (sestupny
traénik) (" traénik)
colon
caecum sigmoideum
(esovity
traénik)

rektum

© Servier Medical Art

Obr.6Anatomie tlust®ho stSeva a koneln2ku

PSevzaltebm2ch textT 1. LF UK MU Dttps://mwidnw.Sefafir.oz/tiuéie e f § n k
streveobecneinformace#google_vignette

Mikroskopicky jes t M anesstt @tewoa$ ¢ ry Sstvamivrs | (i mwnk ¢c20o u)
podsliznilmhgub muk-igvwean) ovi nou t | u(ebt Briasir. st Se
200 kruhovg§ viseM2wodr awno aninchiodSdeo)rpur i dn&/r m$ e <
tlust ®ho stBSlanatel JTepldiPmMhadnoce¢rns2 Splolkano or

152 CRC i di agnosti ka a | ®| ba

Z8kl adn2m pSedpokladem pro wWsphRgnou | ¢
ng§dorovich onemocniRDn?2, v] asn 8c hdiraugng-i zcak ®u n
n§dorwpS2padh jig | ®] e nB® lais cheonnteinioicknalx e | e h
monitoringu CRCjesw oul asn® dobhD vyug2vs8no nBhDkol ik
limtyavpr axi se proto vDtginou kombinuj?2.

Nejrozg2Senhjg?2 met odou pro S @Irefkmizn g
okul t n2denékswolici§(FOBT,zangl. f ec al occult bl ood t
neinvazivn2, jednoduchlT a |l evnl test, kter
[ falegnhD negati vakorstén2 91 8) ed P& | ¢ Rreeniaghio d o u
diagnostiki CRC je kolonoskopie. Je vysoce pSepadfi wmo2 Saby
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umogRuje proveden2 meng2ch terapeutickTch
veri fikaci ng8l ezu. Jedn8 se vgak o met odi
paciental aperkdaeSdk® repubBimce p & tauvé I®Mm 10
screeningov®alp2pzaecw gmd Mun-5ve vk k axy@dT r ok |
krvgcen? do stolice s n&8slednou kop®hm$ ko
screeni mghkpiesvdke ek bi | et T (Ghegaetralt 2624 v a3 wecdhl.n e k

2024. Od 55 letv Dk u rpoabk? hp8 t estovsg8§n?2 okultn2ho kr-
intervalu V. Lesk® republice je rolnhD provedeno

vyget Sen? ra i mtar wbanilcth je spojena s odstr a

polypT
Pomocnou metodou pro detekci CRC get anoven? tumorovlic
nej |l astnDji CEA ( car ci-19 dcarbobydrgte aniigen B wist ® rgue n )

pacient T ¢t BleronOasn)d.e s Tu mor ovwa® 2 mavrykuegr2yvesnmdyi t
pooperal n2ho sledo¥d8b?apavaedml jsakeohgisamiv
tomografie (CT), pozitronovs8 emisn?2 1J omog
| i rent gen,vdlnRTIGn ak tDiayyJ2Z mognost m aletekdeo r i n
cirkuluj?2c?2 (citNA)oopba®mDNAaci ent a. Probl emat
kapitolal.5.5

PSit anpwe&m2 |(islt 8@RCiap podobnhN jako u PT
pankreat)u YU @NW8Ebsgst ®m hodnocé&a® uvedenl

Tab. 3TNM klasifikace CRC (8. edice)
TX nelze hodnotit

TO nen2 pS2tomen

Tis karcinomin situ, invaze do lamina propria mucosae
Charakteristika T1 invaze do submuk-zy
prim§rn2hT2 invazed o muskul 8ri s propri

T3 invaze pSes muskul 8§ri s

Tda n8dor prorTst8& na Vi sce
T4b ng§dor prorTst8 do okol 1
NX nelze hodnotit

PS2t omebatNO nejsou pS2tomny
vr egi on §|
m2 zn2ch U

Nla posti ggem2n8l nr2e | ymfati c
Nlb post i-Juelin2z 2
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Nlc satelity v subser-ze, [

N2a posti-Guelinz 4

N2b postigen2 7 a v2ce uzl:.

MX nelze hodnotit

MO nej sou pS2tomny
PS2tomn¢mia met aydt ®7 g§nu (] S§tra, p

vzds8l enl cl
| ymf at iafyp,Bemzpeni tone§l
Mlb met ays t>8 z1 hoerzg 8meur,i t one § |
Mlc met ast 8zy nmebpmperbdzonpa

orgsnT

Tab.4Ur | o v 8 n TRGspbdfe dNMaklasifikace (8. edice)

CRC
StadiumO Tis NO MO
Stadium | T1/T2 NO MO
Stadium lla T3 NO MO
Stadium Ib T4a NO MO
Stadium Ic T4b NO MO
Stadium llla T1/T2 N1 MO
Tl N2a MO
Stadiumillb T3/T4a N1 MO
T2/T3 N2a MO
T1/T2 N2b MO
Stadium llic T4a N2a MO
T3/T4a N2b MO
T4b N1/N2 MO
Stadium [Va j ak®koliv jak®kol i WMla
Stadium IVb jak®kol iv jak®kol i Wilb
Stadium IVc jak®koliv jak®kol i Wlc
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Normalni

Krevni céva stievni sténa

Lymfaticka uzlina

Kolorektalni Seréza
karcinom

Svalovina

Stadium |

Sifeni do ostatnich
orgdnd

\  Stadium IV

Obr.7Zn8zornNn2 rTznlch st&dii CRC a norm8ln2 sthDny

PSevzato a upr webe n dacingp oGdil eRisk of Cancer Empowered.
https://www.facingourrisk.org/info/risknanagemerandtreatment/cancetreatment/bycancer
type/colorectal/stageandsubtypes

Pro%as pNDgno@QRCjle®L Bygcehjinm2ur gi ck® odstranhDn?
| ogicseknejdS2vhD je to mogn®. Typ a rozsa
sohl edem na st §diplSmh pandé@movd rsiknyhledens pacjegich | o ¢ i
polwédl,i kost.P&i bim? gnDndpNtina pacientT m§ p¢

vzd8§l en®. mbBletnas €agvengjksiomu rnoezjelsast Nj i posti g
m2 st Ipl g ale et(aMd0iQrvstandoustet al. 2015 He et al. 2023. B o h Ujgke
pli,tak | meawywti@8ou mnohdy m&opegabinanz K d

pr ogmparcu(elamet . 2023) Me z i dledm2mMmM§est @RC, mpatSt
peritoneum( p o bcSd )g,nicent r §1 n 2k orsetriv. o vJ§ osdoyuzsni ahvaas t a
v nadledvin8ch @&tals201®&)zi nD (Vatandoust
Progn-za pacientT souvis?2 tak® s radik
|l ogi gek (prim8rn2ho karcinomu a/nebo met as
vyget Sen? voakmrlag h[ Kreengrékield. n 2b erze sma&klcreos kopi ck
mi kroskopicklch rezidu?2ROtMitkoros kjoppoockpzalka
resekce s pS2tomnost 2 ng§dorovich bunhDk R% okr
Makroskopi ckyreselkekpfg/R2a nf sou d8l e kil asi fi
(makroskopicks8 pS2tomnost rezidua prim§rn
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di st 8l n2ch metast8z), R2c (makroskopick§8 |
n8doru i dist 8l n2etah200fet ast 8z) (Wittekind
U pacinente ekCrGjid néml em maxi m8I n2 zmeng:
jehod al gr2Thsot U2 Sa& nHl av n 2 mi | ®| eub ntl G h t sofjsoynd ®ige
radioterapie a chemoterapiey mohou nBkt er T ch p$ipsedealtba
po operaci jako neoadjuvantm? rneedbwk cadjaivs
n 8§ d oLabiancdet al. 2013,Van Cutsemet al. 2014, Messersmith 2019, Brown et al.
2019.

C2l ebBol odi®t b& zat 2 m neprok8zal al dost
| okal i zovproicRdevoy hCRG,ena pro | ®ROG.U Unemeatsd :att a;
onemodAN®l en§ | ® ba i diniiaktebvugN as ehmosstivavt n N
kombi naci S chemoterapi?2. PRKIV&I2b IT 2 m@hads tpa
CRCviroce 2004. Jedn & r o d&uiCet&imabnErbituxio)c 8 I ndx 2
receptorproepd er m§ 1 n2 EQFR( angllepdérmak groovth factor recepipa
monok!| @m® kunBewdizumab ( Av as tprotnvEgd s k mb @8 nddtraul i §1 n
r Ts t ofak®mnVMEGF (z angl. vasalar endothelial growth factorVr oce 2006 p !
dal g2 c-EGRER IPar@umunab (VectibbixE)post upmRr T§ak mno
dal g2 ch <ehwedll eml ghroehpa rd&Esj€xe bt al. 2020)

VEGF sti melndjoga efrifT8§tn2ch c¢c®v -aangi eqg enren 2c
faktorem ve (Mabetam$téenkamgP022, ditet al. 2024) Angiogeneze je
spugnhteavE®Rs2 t yrozinkingzovTi mi r @ cagp@viclur vy VvV
endoh2th&8&bumedlkaci zumab ,4¢& mipsSyea Rug sVESBRE er a
receptory a nedochg8z? tak Kk angiogenezi
(Gerrietsa Kasi 2023 Ji et al. 2029. Benefit zI ®| by Bevaci zumabem
mu t a | nptotoosikogaevRAS(u CRC typickyKRAS m®n N INRAS &noRAF (u
CRCBRAH na rozd2HGF®d | ®&ht iv, kter® jsou dopc
exprimgdaecrow® t k8ni proteonmukt cogrR&BBA[RAF ESFRNjg
receptorovs8 tyrosi nkizkagtayal.48.md.d2dhRASa RAAKk 0 R
jsouefektoyvsi gn§l n2 dr §ze, EGERBRr 8 o sofligpsbtBosikogeg i gn §
KRAS NRASneboBRAFa kt i ymugac?, j e n8dor EGFRI st el
pr ot i I(Matkrkaaetal.2010.
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VL es kpRblice sep S i mM®1 & Nt at i ¢ k hej |oansetnidjcin djn 2
c2len® prepdiij@menovkarnoimuh t j &§h Bz Regdrafenin f i b i
(Stivarg&), kter T blw® zidmdigR c W §ibhn 20RFPa ha d ®4 b i u k
2023, Kissa®® m§ g e k akktoe2r3l)l ®|yteN ks t &tRiCc ks @ hooc® PO v
(Xieetal.2020.St anov e nhi2o nsuttaaviun 2mi ni m§8 IKRABaBRARer ot oo
dnes jig bRgnou rutinou pSipSiodTbvidajl2@|2bmyi |
prepar 8t ynosl-geeknuel t8ircnkld® t est ov8n2 neust 8l e rc

1.5.3 Onkogenetika CRC

Obeclnze Sheimoc®®nd zal 2n§ tvorbou beni
postupnou pomalou transf orTarct?o plregeds ,v zi
jakosekvence adenoiirkarcinom, mTge trvat atpll9MB)plogtr v ®Wibry:
pops8n Vv roce 13&\gelstpiremPeardheVagelsteird980) a byl po
ni ch nFearon¥ngel steinTyv mo d e | k o. dergeikrto8clen 2
akcepttodBes a blv§g vprcesdmutpdRw&nd jpaloxces, p S
mut al ni2v aicnea ktitu mo r g ® mfktieasgootoo v k ¢ f\ogelFteinet al.

988, Fearonma Vogelstein1990, Markowitz aBertagnolli2009,M o r &tal.2010,De Rosa

et al. 2016). K| genatick@lterae p r o vFéazoa @ ce2l su Tevi mjTjsoO R C
zn§z gmnan brb r .&4 kaws n&& ofl ®riekt § |l ezcdet loa p Siemlimged ® m

v genu APC, nN8sl edovg8§naKRASut B ® e vS8mgta2nka n 8s | edn
r ozs 8dddT nmmgenuDCCa nakonec, ve f §zi pokrol il G
i naktivaln?2 mutace a genov B53rdraaVegelsteint u mo r
1990). Jako posl edn? s e meknepbi dHwajizsemut act
metastazovafn a obr §zku néma@p3.nS§genw Nbb Ppsittnexl ci2§ | sn
mezenchym§,|lbmun Dt ma®n aidh e z(Pe Rossehal2Di6h ge ne z e
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Mutace Mutace Mutace/delece Mutace/delece
APC KRAS pcc TP53

| S S|

\/

/ /
Normalni v HVPt‘:foD‘i_fE" Casny N Ad \ Pokrotily v Karci Metast3
mukéza rujici mukoza adenom enom adenom arcinom etastazy

Obr.8FearonVogel stei nTv model k 04 olrreskz W8jl 2nc@2 kpaa scti unpong
zZz8saduial 2 .
PSevzato a dpsav e aWiel@nga@BsBeteen cancer and therapy: Studies of

the colon. Universiteit van AmsterdaNizozemsk®016 str 19

Srozvojem NGS aobj evem dai ghclge kauiz@lglakh valgtl
najevo,g & akumulacmut dot hvBl7s |1 edkamosom8I| n2CINn(ast ab
angl.chromosomalnstability) ae xgiej teWjgD gmo gm®d| e k d r §viarmka
CRC Jsou tomi kr osat el it e MSl (znaegh tmarosatellitenistability) a
hypermethy | ace CpG ostr TvkT promot o-CIMP {zamglor s u
CpG Island Methylator phenotypéMinarikova 2016, De Roset al. 2016 Nojadehet al.

20138.

VNt gisin7@ %Y(CRC vzni kBN, kctees tcharakteat K S22t omn o s t
jednou k|l eoti dovichucreut aicAze(rscebhstdel ece) al
supresorovich genech a d§!| eaChungdi®.TypCINo | t u
tedy o d p o vkfagsicE® m uFearonVogelsteiovu model k ol or ekt 8§81 n?2 kar
( Mo regah 2010). Nejlast Nj g2 mi mut acemitenohypCR&E ksobue r i st
mutacep r ot 0o 0 NKRASY 3 6] CRC),PIK3CA (15 %) aBRAF (10 %) a tumor
supr esor ARG (5218) aJR58(F7 %) (COSMIC2024 . Ve sv®m vIizk
se zamhNSoval a mhat o erhetkdNA vayetdddzm®c z typ T
(prim8rn2 tpulmeanFerjidtosmrer8d n2 met ast 8§zy, vV e
tk&8n2 nebo p anehofiejich detelcestDNA).l o k T,
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CRC vz HNS$lkés®Usevyznal2ur,?2 ga RKko®@rkekt §1 n?2
nesou rTznl polet opakovgn2 kr8tklch rep:¢
proto mikrosatks&6il tpe8pnepéeabnl nth brykltRnmuo
(zangl. Mismatch Repair) kt er T zaj i gS aplikaci. §jpe haos yn a@fNuAn kpl ¢
doch§z2inaktivaceizve mut §t or o ¥ IMMR g g e(iin a ML$I1, MSH2
MSHE PMS1 PMS2 prost Sseamad tcitavéeline &2 | b ocd2ovhebo
epigenet i c ko@oketal.d993, Thibodeawet(@.1993.L as p&& |l i nou MS
methylace promotoru genMLH1 (Boland a Goel 2010, Minarikova et al. 2016) MSI
fenotyp se vyskytuje Sliibg n P20 p & c (Sheikhethl.2024 Wanget al 2024).

Posl edn? drzé&twmkd C®C CIMP, je char akt enetiylact i c k 8
promotorovich oblast2 tumor supresorovich
(Curtinetal.2011).Nej nov Nj i sGMPprdsponujedrnl ostkyypt u synchr
CRC,tedw T s kvy2tcue ne§ | €RG(Wédnga Huangg(24).lCMPje typickl
pro CRC vzmiek &t né2Sdtr8h.ot dr § h histopawlbgickyg | ®
ki asi fi kovhydeni pljaasktoi c k ®e rp® | pvphea & t pad e §l 8Gkzee
vser §tn2 mademenyhit gpipi Bpivi Ky vzhl edPataigg n ak
al. 2013,De Palmaet al. 2019, Sancet al. 2020,Boothet al.2021).P Sedpo k| §d §
touto alternati vn?2 1% €RCdlIspeartdt @le2015) ZTypickon o u t
DNA mut ac? sepsoej reghtrorfirh osu | eproimankgern BRANVa v| 8 st i
ser 8t n2ch ade nmaodnkogenkKRAS(Palaietat 2013)\De Palmaet al.

2019, Sanet al.2020)

Krom@®zdnhRl en2 genetickich a epit®deh&di ck
hl avinérmdt ygkapinbghy formul ovmawrdahg?2 daégei e
studiu I'TH (viz dg§gle).

Vroce 2002 ndgleeovikgliai ckopatol ogi ck§ 8
karcinomu v z8vislosti tmmlan?fkpuhox i1 mE bl ey ®c il
tral hpdksmnm@®lbm?2 )v k(tacopeltan208uZa t u mTge blt =z
napS2klad odlignT embryon§ln2 pTvod proxi
jejich rTzn® fMinpadebd. a0dy ,c kriPe f au nkkpet ewDeovs@m ¢
traln2ku je expdkmbg8oo mBc e uGieboy et AID2DAB)CRCe n T (
vprav®m traln2ku, | ewvw®@nri gn®&| rfévik imii | tk @I eokgt i ac
charakteristiky je spojensr Tz nou @alterapiil@dk? k ov o wu, p rcoogyn - kzy |
j e dn o potvazeno V& studit ®mNS 58 t(Yamgetal.20fBaci ent y
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154 Intrat umoutovI8n? hea-diHogeni t

Jak je pSedcmh@oz2ho odstavce, CRC je v
vyznal uj2c? se postupou akumulaér Tz n T ¢ h(vizobri9a@2 dal YRi sm®mam N
pSesmdchani smus mal i gn? t ransfnov imarcli@nvade na
tomt o pr oc e goelaosbtj Sals&hH)meyg malui gn2 ch Kk optomr ekt
akt u&mmrsDi bnou ob) akterVvI mBumednak umognit
vznikavi voj ,adR@nak pomoci lodikaizvhinehadagnastikut | i
alnebo terapiZz § k1 adn?2 pSedstava je tanBddEtmBbBe v
dochgZznVch DURKkgEth KE&hodnT ch muwtSem?8,gekt2e
dcShn® huRlYy m§ za n&sledek vzni k(Hweta.e sul
2019)

| TH | ze r ozd?ilnttr anparni Sha8arnotvyopuy hlPTHea o g e n
intraindingdadu@vmd hetePogseenituk8 I g&2t omno
mutal nZfctlv iraiMm8ontmpeoskryduhulj e i nformace o r
sl ogen?2 prim8rn2ho n8dor u a etwlg2020)hObartgpy a st a
ITHjsouz n 8§ z o marolfd.r9.y

Primarni tumor Metastaza 1

©O © 00600

Normalni Prvni Dalsi klony s
burika  mutovany individudlnim
klon genotypem

Obr.9Zn8zornNn2 intratumorov® mutaln? heterogenity

Vngdwo®otpkr8§inm§r n2 mfgeumdrtu pS2tomno mnoho Kk(IPBHLT r Tz
Jednotiw k1l ony mohu blt nawjpedmootzldizviinch znaSsdt ooruopvelncyh |
met atmggae blt tvoSengprkimgmeammto@enuj eas MrH.or i t nr
PSevzato a Cadasevat?2fl@. podl e
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V soul asnosti exiisbton?ljakild vDTH ¢ RA2 t ]
k1 asi ¢k Bostupr@akumutace g e n e t i ¢ k Tvcptotoomkngémech a tumor
supr es or ohw$oalddu Fearoragelsteim v I m  mo(Bearbna Mogelstein
1990) Dr u h §v.teodev e | k ®h on a VvS@pree 2015 kpSe@pok| §d§
ITHsepr akt i ckyvydneung lee tvreld mi ran®m st8diu ko
pr TbDhu aoRBbDEI RAcp dNDI en? buRKkYy. Doch&g8z?
buRky se pak | mhowl crhgzpit vzd§l enaderbtop obl
prostorov® vztahy me z i jednodgmnlvii md V damn
pr TbNRhu r MEt W ap®shdit(spSe powat) | asng§ zmhDna.
pozdRj g2 alterace (pozdnhD vyt voSemau jk?l noanjy?
protomen g2 .prToasktgoer nej v8 ddl adetvd lasu atDelin mal i g
je d8n i g tkd (ScRom@btal.2@lb)| §

KromhR tRchto dvou kl2]ovich teori?2 vzn
roku 2005, kter8 na z8kladhD srovngn? mut
vykazuj2z vDtg?2 | T tosireead 2090k d ® | s 8§ ged&dira z
karcinomu doch§gz? pravdBDpodobnhD pouze 2z 1
jejichg genetickl profil zaruluje nejpS2z
prot.i i muni tn2meorsiyst @BedpddlinSeo& rwilaaed.jne me
synchronn2ho adenomu a karcinomu. Byl na
celoexomov® sekvenaln2 anallzy 8 kolorekt ¢
karcinomu. AutoSi pSedpokl|l §daj hougen2tymsdl
kl on8l n2 pTvod, ale pagdkimead20tyv2jej2 nez8vi

KromRAj sou prekancer  -zn? | ®z e istolagikkPseh i st
d NIl adenoraytubul §r n2, tubul ovNMI tpmtoapoiShdkdnse |
jejichmal i gn2 hPodkz & r at usptnifx kdiycshp lzamDn m3dgnemye k o
d8l e @WBdleinomyas n2zkou, s t(Zwdetal.2e3)t Dgkou d\

Samostatnou skupinou jsou palenomymaj 2 ¢c2 hi st ol ogicky p
pilovi t ® li Beb gadandmy v z nicRaaljt2er smetri8¥y m2, kd e Boub vy |
p o p sv&kapiole 1.5.3.
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1541Met odi ka detekce | TH kol orekt 8§l n?

Pro ucelenou pSedstavu o rozm2stRNDn? a
vadenomu je&§sadn2 rozdRlit VzZ8sR@kE@iptSic atakn®] me
dokumentace (naps§. fotogrdhldaok®g)ozmBY @i 2 h
| §st2yl @abmodn® ho poopwWkonviernt2u§amdl Trzemode
podoby. Zk a g d ® adkn®msutjes amosit aoh®v 8§na Djsoin 8§ wvlee ckntle

stanovenys o ma tmutackt® pi ck® pr o kol oimomykt 81 n2 adeno

Svoje dosavac®m?kan®u dgeamnos tehm st DH oypiTe kT ¢
kol orektghmiawijhi, kie® jePule@en¥kwa pi t ol e 3 Publikace e d k y
3.Z8rotvetRo publi kacpSdtemomass T. exora jgendRs3 je
predi kt chovezm ibk w ke alc bi ®z A2 c h

1.5.5 ctDNA

Pojmem cir kul uj (teNA) sne§ droa zoow g2 DINMgdD umdd& h § :
n8daorru mM8rn2hio megask&zy), kter8&8 je ve for
Sel Bgaeugi t2m dostat etedyflogmn® 1 v v lcétz mtndae ti ¢cld
geneti ckW®uzgmMrry .ct DNA j ako t umo rko8l®h ou pmaartkr
a | e vziehom@nB porkpkrvej, s djle wynadaodBrstkpw® pa
vir azenza t Prgtaigetev a Juj e ctONApySuegd em2@gppa dech, kdy
mo gn® |hiopsiudert(] ast o je n&§dor na tclbydk os ep St2Tskt
karcinomu slinivky-vi z -d8be pl i cn?2ch ICRC)pelottebdy,rkdygeh me
pot Seba biopsii (Pprkinset&d2012) Zo pdloo vda[vib du s e
zal al oj hbhdu @&iuth ®f dngl.bgpis biopsy) (Diaz et al. 2012, Bettegowda
et al.2014 Chi 20186.

Doposud nebyl ustanoven konsensus ohl e
krve uvol Rov8na, iprladryd@pedobhlfpk hPhRpot Pk .
uvol Rovgn2 apopticklImini abwmRKkamit, ckkmi vmzd
ng§dorovTi mi buRk ami skrze membr8nov® v§lKk
kompl exy (virtosomy) (Stroureey a.2§00, -Jaheet ala2004,x o c y t
Thierry et al 2016, Tivey et al. 2022. L ast o anag¢ee ptk ®w0F i e f or mul
Diehlem a kol ., podnekrkdteira®k TccthD NpA§ dpooecon@l zg2 |
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pohl ceny makrof 8gem a makrof8g uvol Ruje f
(Diehl et al.2005)

ct DNA je detekovant8edonr8T ua vjlet gtiendyy thipdam
uni verz8l nh vyug2vat v managementu n8dor o
ct DNA roste s pok(stonhoiovow maséu angmoch @& t u ma
nej viDt g2 pDoigprdacv EMsTEEvue 04 e neotc?2nnden? .t rZadi | n
poskytuje informace jen o t® | 8sti kar ci
celkovou genetickoliTH, peovodloajz mND kol uj 2p ocrhaSzneejn2tcy?2 DzN
| §st2, tpBodopadnhD iogi.mekastaticklch |

1.5.5.1Metodiky detekce ctDNA

Vyugit2 pcaRNAME uve adridwrr§n2k 8Rovou biop
neM hody. Tou czt§BMNA nj2e jseoulgSst 2 ofBNG kvig ob® v o |
10) avyskytujese tedyv e v e |l mi n 2 z khlFecakcectDblhc epéer ateécn?
onkol ogi ck $epdnybypadi e misJethp k 0 c e n t cfDNA (Dield et ®
al. 2008).Pr o anal TjzswuctpDMA o pot Sebadmwedm?ti odhl
metodi ka zal ogena p SdgviStgsnlMIPCR@&BSou pS2 st uy

Normalni tkan

Nadorova tkan

j I
Plazma oddélena
@ ctDNA centrifugaci od

@+ - cfDNA krevnich bunék

Obr . 10 Schematick® zn8zornhDn2 pTvodu ct DNA a cf DN

PSevzato a upraveno podle Lauer 2022.
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PSi dPCR se rozdRluje analyzovanl vzor e
cog mohou bTt mi kroj amkyolreg ovi®peaitul zeb q di
PCR, ddPCR) . V. kagd®m z reakl nzch segme
amplifikovs8ny klasickou PCR. Pokud je v d
ampl i fikaci a je detekovs8§n gmenteswmehékal :
DNA nen?, k amplifikaci nedojde a fluores
detekovanou fluorescenc? pak odpov?zdag§ pol
2013). Obdobnhprla ek wayrutgi2fti kddPeOdR?2 s o patkiudk Is@h
smhNsi pSidaj?2 fluorescen| n2 sondy specific
[ met oda BEAMing (z angl. beads, emul si o
zjednodugenD popsat jako 4&ghyac ene?j 2DNAS sn &
pomoc?2 dPe&R.270%).iLienh detekce mutace (LQR angl. limit of detection)
pomoc?2 d&CRjs0,0lKk1® % (Zhangt al.2015, Zontaet al.2016, Rapisuwoet
al. 2016). LOD metody BEAMIng je 0,01 % (Diekt d. 2008; Taniguchiet al. 2011).
SrovnatelnnD citliv® jsou i met ody iSeqf ogen
ang. CAncer Personalized Profiling by deep
(Newman et al. 2014), metoda SafSeqS (SafieSequencing Sstem) pro identifikaci
vzg§cnlch mut aci®5vBelicetal.2015v ost 0, 01

Digital PCRINGSma j 2 vgak t ak ® Shseavdrh2o djye nl§r ol n
a kvalitu vzozkwyDodIlAogiNakpiSc.h prraegp?ar 1§84 o rze
pr TmnNo ngIDNA avomtomnoganv?2 j ednan ah Btafc&iDa§ g 2
nevihodou je, ge obhRN metodiky je modgn® pr
genetickich praemoichialbbomhk at pSletsh@akePt mrey
nov® geaedPER@IdegDal g2 nevIihodou je st&le jegt

1.552Dostupn8 metoda pro rutinn?2 det el

Exi stuj? dva mogn® pS2stupy anallzy ct
nejl astNjg2ch mutac? c h ar akrntoerniNst? icfOMk&. 2cno  p:
Vsoul asn® dobhD je vgak | astDji vyug2vsgn
tumors peci fick8 DNA mutace. Tento pS2stup t
t k8nn®, jve nalezena somatick§glmePEl et antt@a
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bylav na g 2 | aborat oSi vyvinebbhoges§ aBER gskiD as i
ng§slednou tvor boeead.2olBrodul exT

Princip metedparspoil 2ngt emredoddu pl enxeTk o mp | ¢
bg§z?2 mezizdivDBBENA SektDerd® ome nbkgeowvi du (zd
DNA)pomoc2 dekapiuk @t m2 dobreldn a od @ Ir sgmartaai an
doch8&8z2 viivem rozd?2 | m®i |[dkeemjatmejad 82vet egpé
obsahuj 2 cpkxy. Nejprve rse diw Set Dzcov® fragm@rmstty) r
heteroduplexua d &8l e postupnhD ve zbytku DNA fra
heterodupl exT za klngpmdeduemlitexoyf ob ®zgm U vzo
somatickou mutaci (zdravou i mutovanoWNI[3 ) jsou na visledn®m
patrn® 4 p2 ke muh dwedd ®phloemo dupl ex mut ovan®
sheterodupl exy) . U vzorku zdrav® tk&oed | e
nedoglo viivéem démat oddtbRzezkP DNA,u pBléevnge rjTe
prodlougé&agl cbampv(GC svorku) slogenl ze 4
vysok® denaturaln2 teplothD zajigSuj?2 per m:
fragmentuvmz st D t ®t o svor ky.

NevIi hodou meotdondoystj epSten® i dentifi kace r
mal 8 analyzovan8 obl asti200b.R produkty o0 Ve

A widtype* mutant Het2 Homi Hom2
GC clamp
Teplotni
denaturace
+
AT Pomalé AT
H H ochlazeni V y H H
B Hom1 Hom2 Het! Het2

I AT A
i\ W

Obr §tlekn § z o ARtlonbyY h et er o daBpd epxd[lr ace h etSdr dckdawp |1 e§xr
el ekt r.eldtloHet® heteroduplexy, Hoh Hom2i homoduplexy

3 [ S oo

PSevzato z Benegov§, 2007
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Tato met oda mlrge dbeltte kpco u ¢gsiotm@d 6 rc kv ® ht kndit
d2ky sv® vysolc® DNiAt | iILODs tziSvti aR® nna konkr ®t
se pohybuje od ®BKRASmuthoedodahugéme LOD @087 Bae o \e §
eta.2022) . KromhD civwllhodosu i t gk® vmed kroas t %
(procent u8Ilmu?t azna sntedcuhmen Z )8 kH ardd) & | lbethe rp& &kulp

Tato metoda mTge bimoni tbo¥amBddoutdiz vIE@I:
sl edovg8§n2 recidivy Vjei ¢ roNEGEEEIPOR jotate metdika N n 2
l evnDj g2, stal ? mal ® mnogst v?2 vor ku DNA

instrument 81 n2 vybavyug nt eld IREO®& ok |jien ipcokt & npcri &

Vkapitole 8B®tvd spuwd@éngPublikace2 popi suj 2 c? n
benefityv y u gi t 2p Sdt DiNoAn istoa b @ v &n 2ma ¢ ias n €CRC Gakol m
publi kace popisuje tak® podr ob n PBPuyblikacemMet odi

zabTvaj2c2 se karcinomem pankreatu (viz d§
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1.6 Karcinom Pankreatu

Dukt 8l n? adenokarcinom pankreatu (PD.
onemocniDn?2 m, kter® je notori c kgdenzenFDA® pr ¢
vdl ouhodob®m H®&r7i zdoon tru.  (200d2 1r)o b e ntl &mil enhvezpra
meziroln2zmi 1gaekRkRdsy.ilk %1LR 3 455 osob s
pS2padT na 100 000 osob. PDAC sestoflylskyt uj
typickim p®dgdmpupssmvokdbdo 2 02a1byl v LR st Se
nemocnlch 71 |l et (Eadis®nz02In)e.boV mhelsepdeecm fk t
neg polovina onemocnin?2 p(ox5d n%)mn adp esrdafomis!|tui 2|
(klinick® stadi usnoulvijelohae pISY )p,n io g o PAG ML e §
velice rychl T incdendesetp§ larkz i pk ¥b B vinSgi | reargt av I
pacientT pum2nrr§n u@cye od .Rltaern ® e@rS?e gdit&g @ v
v letech2015 2019 dosahovalb o d noty pouze 12, 6i2®%090piSo t io
doglo k n&r Tst®@zZloSnz@21) ch 7 %

161 Anatomie slinivky bSign?2

S i ni vk aebobprkmpas(fat. pancerad j e or g § ns, 0 uk tSesrt12 jter
soustavy. Pankreas sloeatjtck®) m®8Bay k kil e
enzymyz aj i §Suj 2 c2 (tzg ¢ 0o le rMihkcepfankreatu W e x ok r i nn2 t
je d8le roztrougen asi misloiuddro r [ a regéa rt hed N Ve
zaji gSuj2c2ch sekr e dnsuling glukigorne atsomatkstatnh (tz o r m
e n d o k fumkee pankreatu).

Pankreas ve pi gd otgrelna r f mmiz izaaly | goaul keyz) & & m?2
stNDnNabsSagd2od duo dkeen as | (edzviannl®. c thhdk@s)pIN| ®h o
18cm a mpst BOMIDY(Trnaetal.2021)Pankr eas je tedy ul o¢
pS2stupn®m m2stih, cog kompl i kiugheb i dipa g nckd
vy getpSemradinou chirurgickou | ®| bu

Makroskopicky se pankraeaap lod@ipdy ameas 3 |
(caudg , pSil emd kar ci no wmgblagi élavypajkleat(Ryskagt al. vy s |
2007), j ak joer.1nm8 zdoarl @3n o tmranh

32



jatra
Zluénik

dvanactnik

tlusté stfevo

Obr . 11

PSevzato

Pvod

PDAC v hlavé
pankreatu
Zluovod
I W\ /
J / \ / & slezina
' [ \ \_ y - l jaludek

{

/J‘) tenké stfevo

Ul o ¢ el ni2d spka@nrk etel@lfdeuz wNDn2 kar ci imloawkKeanad st NDn ®h «

a Klpefetal266o podl e

1.6.2 Karcinom pankreatu i di agnosti ka a | ®| ba

Zhi s

adenokarcinomy (PDAC, zangl. pancreatiaductal adenocarcinomad t e r ®

v g ecahr c
karcinomy,
(Hlavsaet al. 2
PDAC.

tol ogi ck ®he khd redii mkmy pna nku ketag lun 2

t o S 2

a

knomT pankreat u, dr uh o n e unreojepnod| oektrnil

d8yl st kawiko®y, lymfomy amet asn &8&ogr T j i nl ch

008, Kleefet al. 201§. Ve sv®m vIizkumu jsem se

z

Diagnostika PDAC j e v el mi 9PbuPga®8® adovbND neexi

Nn8str OB

nechutepoothw2aj 2 pacientgoppBdagROy§Agh WYS2z

-

C

C

e

eb,y kotdehral i | y |taost ol cohn psibgSahdnceh whRt gi n

asympt onfartvincck § pS2 znaky bT vaj? nespeci ficl

bol est,zahISii chhout enka zpTsoben§ ¥tlakem dv

pokr ol i
Z§kl

| ®m st §di u.
adn2 miprmetsdé damiven2 diagn- zQT, MR o

u

z

nebo EWB. P Si CT podezSen? na karcinom jph@nkr e

resekability (

vel kT m

suspekt
EUSF NB

pS2tomnost
N@w§m).nhD se pagv&d ddiag p upye mokc 2 -FNE U
nparkredu (HRvsaetaal. 2008 Nelsenet al. 2015 Cazacuet al. 2021).

pankr eat u ijpankreagjé dosm In Sp@ou n& pSes
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duodena( z §1 edg2 na | okal iaz awy ¢mstoysi$éetka mr? chsot N2 kst
endoskopésm§. PNAC2t k§R tzv. tedygsemowp |l m2stp $Xk
md ® mnogstv2 nnSad opreoevdidio® o gs W RR vaziva.

Di agnostickl viznam uURBDAGom¢é DemBPchuvpge
mT g eeviozbyjyT gen8§ hl adi hackh®| fosbangzyabhkaedi
t Setiny nemocnlch patol pdizopkad NDg lpy ke Misd ka§
an®mine&.doZ ovich markerT se nejlastijdA vyg:e
242, CA 50 a CA 72, ale vzhledem Jejich pordr nND n2 zk® specificit
viznam sp2ge pSi sl edovgn? p r caggeead. 20040 n e mo
R ¢ ¢ keeaf.2010.

Jdinou | ® ebnouvsmmeuloadsong®o t ckanleld @ n §len N k
mTge pragdvot g®bhegmoci hi r ur ghkacikoBiunr§esd eekdmes an §
nNkterTch pS2padecbematabjnenvEeh e2 poitpmbnelr apl é
st §di 2 c h kompisaei praaddni Id tve r a p i biologickobl o® | cb2olue neorul ot |
(Burris et al. 2023) Kr omefhi rur gi ck® | ®I hBly @Pneabjn?2® vngoadka
(chemoterapieradioterapieb i ol o g iagkdBu zle® | pehbrakeer( Hwa net al.k
2010 Pokud j e PDMAG awm? sptalhrka weiak &1, n2b T o 8i rrur gi
proxi m8l n2 paomier edédd®8odenekin8rol nou, n Nk
operaci(D'Cruzet al. 2024, kte€b T v§ s pojm@dma Ns vy s okloas mdmt ¢
pooperal nzm spodbepkkzr al & 29%)i &Kompl i kacemi , Kkt
pSi | zZawobp u poloviny mi ch je potSeba prov®etta. chir
2007) . Nav?2c, chirurgicky reseéghboV®hah p
di agnost (Jémleteanhd0@8hauz hruba 80 % opesedbtakanT ch
objla$nok 81 naligerelizatb m e mo ¢ n N net al. Z0&7y Kelefat al.

2016).

Pro stanoven?2 z8vagnosti onemocnhDn? se
a n8sledn® stanoven? st8dia mab6)Z2g%d maddn & |
chirurgick®er@spfedldtes piac i @edaoie lvtH§AD,5 u
%, vell.st 839,b % ves diglVa 15,6 % a ves dig IVb pouze 10,5 %Ryskaet al.

2007)

ZuvedenT c[j edpvSdd vol bND terapie u tohot
res8l nil ®I|Seyh os®hemlemnk v al i t paciefta v ¥ea sv®m vI zku
seprotopr i mgom$Pt Sedi la na hled8&§n2 umolyedini§r n2 c
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progn-zu pacientT nebo predi kovakyk]|jepi kT

vol bIDv &@dme?2? terapie pro dan®ho pacient a.

Tab. 5 TNM klasifikace PDAC (8. edice)

TO nen2 pS2tomen

Tis karcinomin situ

TX nelze hodnotit

Tla n§dadscmvnej vt g2 m rozmh
Charakteristika Tlb n 8§ d0BEO0lcmvnej vt g2 m r oz
pri m&§rn2hgTlc n§dalO2cmvnej vt g2 m rozm
T2 n§ d204cmvnej vt g2 m rozm

T3 ng§dor vDtg2z neg 4 cm v
zasahuje do truncus caadus nebo a. meseterica

T4 superior al/nebo spol el
communis)
. . »
PS2 homt me| NV nej sou spS2tomny

vregi on8l n? NX nelze hodnotit

uzlin8§cl|yg met ast-3zwywegi dn&8l n2ch m

N2 metast8zy ve 4 a v2ce

MO nejsou pS2tomny
MX nelzehodnotit
M1 pS2tomnost

PS2tomnost
met ast 8

Tab.6Ur | ov 8§ n PDAES pailld TNM klasifikace (8. edice)

PDAC
Stadium O Tis NO MO
Stadium IA T1 NO MO
Stadium IB T2 NO MO
Stadium lI1A T3 NO MO
Stadium 11B T1, T2, T3 N1 MO
Stadium 11l T1, T2, T3 N2 MO
T4 j abli®k MO
Stadium IV jak®kol jak®kolM1
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1.6.3 Onkogenetika karcinomu pankreatu

Podobnip S2apkaod v kol orekt 8§l n2ho kar byl nomu

navrmodehp o pic$pwjs2t upnou akumul aci genetNacklc
rozal2CRC zde prem|l i gn2 st 8dia neoznal unjeeonpel 8jza K C
postupng8 pSemNna hdmbavbidehk wp annskdr dermot \o & rkjd éc o p £
jako model pankreatic K ® i nt r a e p izig, eebdliBahid Hrubareb gh. 2080.
Na zdSikkd sat up nieph tzdbluB&A k heat u rozl i guj e me
PanIN-1A aPanIN-1Bp Se d sjend vethjk2o u a t BapiN-2z nbau PN km2 r n o u
stvorbou v2cej RallBhNDghobuabDipiai a i(bvazi vi
11).

LI

2o )2
2a2he} 7/ -
T — = s —— B = e . ;
= Normal —} PanIN-1A 4}— PanIN-1B H PanIN-2 ——}——— PanIN-3 ——8M8
Overexprese HER2/neu Inaktivace p16 Inaktivace p53, DPC4, BRCA2
Mutace KRAS LOH 9p LOH 18q, 17p, 6p
Obr.12Panl N model vivoje.karcinomu pankreatu

PSevzato a Hmbaseta2000 podl e

Vsouvislostt Panl N jsou nej | as tpdtptonkogenuBRAH Ny m
tumor supresarv i c h GREDaeCDOKN2A( k - duj 2c2m protmdrn pl
supresor oVSBIADZl logahuzovan®ho na (hapBamioz o mu
Wojnarowskaa MaleckaPanas2006 Saleket al. 2009, Zavorakt al. 2011, Woodet al.

2022. K mut BERAS@o c h 8 z 2p ohln8tde | vn 2 ¢ h-1Af a8lB,?pmiosePa n | |
mutaceKRASvy s kyt uj 2 prakticky ve vgech PDAC 1tk
char akt(eup208t i c k 8

Vi skyt gandclKRAS TRP53 CDKN2Aa d eSMaD! byl u PDAC
popsgmBovi 90 . | et ech Amogudra®thab1988,t Scdrpettak 1993,

Caldaset al. 1994, Hahret al. 1996) an § s | p8in NDprvn2 cel oexomov®
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24 PDAC t k Sbyl potvrzen jejich $fy e j n 2 (Udneset al.r2008) Soul asnh
objeveno, ¢ge PDAGC TMNER GBS agrewnjed i ¢ KAT%,h al
48/ 63) somati c&hB@W8.mutac?2 (Jones

164 Charakter PDAC vzorkT pro geneticks

Ke studiu molekubk®uhash®maolb&rrieysseek28u aj
PDAC z2skan® pk ralpe kapijoly D6.2, € s ek 8§t yujeppemneo:
asi 20 % PDAC, prpacdamtgTem jpeanci 2t T je diag
onemocniNn2 s mognost2 kurativn?2 resekce.
odkB@a §pouze na pveollie&ktuil 8m2n2t earnaagélpztao rbelksgenkos
klinickou praxip S2vlhiogdS g jge p ostoSueshtaSe do ¢ p esket invan2pran
vwug2hattdBn2 mol ekul 8rn2ch markerT vzorky
paci elnatkl8 ls@aND pokrolilTm | met astatickIm
EUS-FNAB, kt er ® zee saudelekranjétakiS§ndk ® di agnoast i c e
jsourBlednnD cyt ol og (Nelgeget dl. 20d 5 Bhatia an\Maradarajulu2017).
AnallTza bioptim&kl®hku lvs&ronr2khuo jhel ezdi ska n8§r ol
prot o GFNABEWUzSor ek bTv§g§ mall, silnhD prokrv§8c
tk8amast ol mg§lo bunhRlnlT a buRky blvaj2 fragr
prol vyugNABIm20rkUS PDAC ke studiu mol ekul §

PracoviegBISFNABpr acuj @ vyug2wapatinenqd abo
tedy| 8st b i wvzprkuij @k &hyou (pi tgpenet i caubg2anbhg§srzuvaz
nat Sena na skl 2] ko k cy(tmdmpS.etalk2@hhgOgusatt a n o v
a. 2012, @ti ah 8043 Cazacuet al. 202)). Nej | ajsstddy i nat i vn?2
p o u g 2kyp § MknautaceKRASve vzorkuproz p Sesnn2 di aegpeldieet i ky
odl i gen2 od chr onietakZ07p\amdrrecka t n a ti idigdisKa Stald &r
extrakce genetick®ho mater ib&ulni| mdj knaaleirti rgl
nacyt ol o g b k k @&fathodnocenl patologem, ne mutséntbiiggnatkon?2 m
vzokuatudgunjnen2 zn8mo procentu8ln2 zastoupen
nNjak® pS2tomny KRASmuY act ak dge od elalezne)d cghetnoe t
vzormPoddkfal egnhD negativn2m visledkTm.

V h o d nvérjargot jeprotov y u g gte nlke in@kt®eznea 5 pi r §t nat
na skl 2Ktkeor T hodPaokt ijl e cmo @h®gi zol ovat ger
zobl asti viskytu tumor oodgbRAhémnOKk ®h.@dtde 0 0 0o
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met oda € na nagem pracovi gt KRASnutace M0 s v Nd |
i

S
bi optveaftkh (eBak208)gov §

Detekce KRAS mut ac 2 z cytologickTch skl 2]
r e c epnutbni2i k acpodkoenPgllipce4avedenak api t ol e 3 VI
Pojedn8§vsg o r ok@z2r nl® prkRASmachaict?2y puTPPACc i en't
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C2le disertal

2 C2|l seedt pr 8% e

C21l em pr 8ce byl o studi um geneti ck®ho
mol ekul 8rn2lkcthermartkyr Pyly vyugiteln® v kI
di agnosti ky a progn-zy onemocnin?2.
Konkr ®t e¥t@ajiné ¢irgce:

. DetekceRET/PTQ a RET/PTC3p Se s k uspcetnorw | dDasgphememt7T
spapil 8rnzm karcinomem ¢gt2tn® gl 8§zy

. Optimalizacemetodiky detekcedru | uj 2 ¢c2 n8dorracve® jDeNA hao dveynuc
vkl inick® praakr al iplaic i kdoekfa isn o me m

. Studiumi ntratumorov® mutaln? heterogeanity pre
mognost?2 j &jlimo ckyWwu pirtaxiv

.St anpvemgn os tKkRASh®t & ©41 e u kapciaamiene pankiEatus poo v n 8 n 2

vi sl p@létekiKRASmut accyt ol ogi c k @ctdONAnat eri 8§l u a
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3 Visledky
3.1 Publikace 1

Nov§ v a&RETRIGIp&Seskdperk achapcd
spapil&r n2 m kmem i nto?2 tbhre®& dliSzayr i e i «

0z8Sen?

HE81 klobPE§oS8kovsg G.E. ,VSdWkavw20W@IskEdkr oM § ek. ,P. ,
feboun M. , Kat rSzhrurpf M., varoWilezetl To,WM@8rredld. , BeBid| oV ¢

DvoGeneti ckoRICjpe&s2Vi ppuindD pS2padT vznik c¢
RET/PTC Vzni k §, phladt BET pjf et ocoonkogenu, kter§ Kk
katalyticky aktivn?2 dom®nu, pSi poj ema k
umogRuUuj2c2mu di mer iregcepwiu a\ etj 2bzid Jackbijt i apeS e sRKE
RET/PTCl kde 12. exorRETgenu j e pSi poj €GDCkse Aomy veldi.o n u
intronuRETa 1. intronuCCDCG&

Metodika: Osmi | ehT apec s PTC (T3m N1b M1, opak
i oni zujSert2h,o poozdsst oupi | tot8ln2 thyroidekt
RNA spolu SDNA p o mkeo?2mer | n2 ho i zol aln2ho kitu AII
Kit (Qiagen, Venlo, Nizozemsko). RNA bylaever zn2 transkri pc? P
Detekce RET/PTClp Sepl n 2 byl a provedenera PEG&t osd om 8§ s
anal Tzou kSivky t&n2. Purifikovanl PCR prc
Vi sl eNl&kyz 8§kl adn kSi RETPPTAENZi toidv ni 2g nk®o rotdr o | y
nov §, d e | REA/PTClprSiesrktugpene . c BBRAv eomdehal i | a Y
CCDC6s 9. exonemRET Kk - duj 2 cjehme Y t8rsacel ul 8r n?2 dom®n )
n§s | bBneédi?. exorRET, exony Imlynasod 1 pS2to

Z§v:Bryl a nal ezena nREIBTCIpaSteyspkiucpkesh 2f. o rPnsae k v a p
pSt omnost | §sti eRETgermi(exh 9)| Sktner 8§ osme®nwy § §d
pops REEBAMCp Seskupen2MoguymkyybyBmbeh2mit ne
sesREIV hd Ts | edk u bsdd nnadele@v RET nazhanici exosintron 11.
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P o ddfsértantky na publikaci:
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activation of the mitogen-activated protein kinase pathway
are the most frequent cause of PTC [1]. They comprise
mainly mutations of the genes encoding intracellular
signaling proteins B-raf and Ras as well as large-scale
chromosomal rearrangements resulting in the RET proto-
oncogene activation via formation of fused genes known as
RET/PTCs and its chimeric proteins.

Ret protein acts as a transmembrane tyrosine kinase
receptor, and RET/PTC formation results from the fusion of
the RET region encoding intracellular tyrosine kinase (TK)
domain with the part of the other gene providing the
promoter. RET/PTC rearrangements arise as a consequence
of paracentric inversion of the long arm of chromosome 10
or, less frequently, as reciprocal translocation between 10q
and other chromosomes [2]. Most recently, a novel ACBDS/
RET rearrangement resulting from the pericentric inversion
inv(10)(p12.1;q11.2) was found [3]. The occurrence of 2
DNA breakpoints is essential for the RET/PTC formation,
and 1 of the breakpoints is localized at 10q11.2, where the
RET protooncogene is mapped.

Several fusion partners of RET have been described in
thyroid cancer up to now. RET/PTCI is the most prevalent
form, where the TK domain starting in the exon 12 of RET is
fused to exon 1 of CCDC6 (H4 formerly) with breakpoints
within intron 1 of CCDC6 and intron 11 of RET. In this
article, we describe a novel longer atypical RET/PTCI
variant, which we have named RET/PTClex9. “Ex9” in the
name indicates that the intact exon 9 of the extracellular
portion of RET is involved in the rearrangement between part
of CCDC(C6 and exon 12 of RET.

2. Materials and methods

2.1. Characterization of the patient

The young male Czech patient harboring RET/PTClex9
was diagnosed by ultrasonography with a suspected node
affecting the entire left lobe of the thyroid gland and
metastases in the lymph nodes at the age of 8 years. He
underwent total thyroidectomy with left-sided neck dissec-
tion at the same age. A pathologic examination revealed a
classical variant of PTC with T3NIMI. Local metastases
were detected in 13 of 16 resected lymph nodes. Distant
metastases bilaterally in the lungs were identified immedi-
ately after surgery during the first posttherapeutic scintigra-
phy (2 months after total thyroidectomy). The therapeutic
activity of radioiodine was applied with dosage of 5.52 GBq.
Next, radioiodine treatment was applied 7, 31, 37, and 46
months after surgery with dosages of 5.55, 2.6, 4.4, and 2.96
GBq, respectively. In the period between the 7th and the 3 1st
month, radioiodine treatment was interrupted because the
patient had no evidence of the disease. After last application
of radioiodine (November 2013), scintigraphy showed no
evidence of pathologic accumulations in lungs, and ultra-

sound imaging was without any signs of local recurrence of
the primary disease. Total follow-up time frame available for
the patient is 58 months.

The patient had no history of irradiation, surgeries,
injuries, allergies, and no hereditary predisposition. His birth
parents are healthy, and there is no evidence of thyroid
disease or serious illness in the family.

The genetic examination was performed under informed
consent with participation in the study number NT 13901-4
approved by the Ethics Committee of the Institute of
Endocrinology. The purpose of this study was to detect the
most common genetic alterations in thyroid carcinomas
including RET/PTC rearrangements. Unlike routine practice,
this case was additionally subjected to Sanger sequencing
due to the presence of an atypical rearrangement. Long-range
polymerase chain reaction (PCR) and next-generation
sequencing (NGS) methods were additionally used to
confirm the atypical fused gene sequence.

2.2. DNA and RNA isolation and complementary
DNA synthesis

Tumor DNA and RNA were extracted from the fresh
frozen PTC tissue after pathologic examination using
AllPrep DNA/RNA/Protein Mini Kit (Qiagen, Venlo, The
Netherlands) according to the manufacturer’s instructions.
Tumor tissue used for isolation contained at least 70% of
tumor cells. Corresponding germ line DNA was isolated
from peripheral blood leukocytes by automated DNA
extraction according to the manufacturer’s protocol (Quick-
Gene-610L; Fujifilm, Tokyo, Japan).

Eight micrograms of total RN A was reverse transcribed into
100 pul of complementary DNA (cDNA) using random
hexamer primers and AMV reverse transcriptase (Promega,
Fitchburg, WT) according to the manufacturer’s protocol.

2.3. RET/PTC1ex9 detection

The detection of RET/PTC1 expression was performed by
quantitative real-time PCR followed by melting curve
analysis using a Light Cycler 480 instrument (Roche,
Basel, Switzerland). Real-time PCR was performed in
20-uL reaction mixture containing 2 uL of 5x diluted
cDNA, 10 uL of 2x IQ Sybr Green Supermix (Bio-Rad,
Hercules, CA), and 1 uL of 10 umol/L primers specific
for RET/PTCI amplification (5'-CGCGACCTGCG
CAAA-3', annealing in exon 1 of CCDC6 and reverse:
5'-CAAGTTCTTCCGAGGGAATTCC-3’, annealing in
exon 12 of RET). The detection was carried out in 96-well
plates under the following conditions: initial denaturation at
95°C for 5 minutes, 40 cycles of 10-second denaturation at
95°C, 10-second annealing at 60°C and 10-second elonga-
tion at 72°C, final elongation at 72°C for 10 minutes
followed by melting curves analysis (70°C-94°C; ramp rate,
0.11°C/s). The sample was analyzed in triplicate. Positive
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RET

Exon 11 of RET

Fig. 2 Detection of the partial 32-bp deletion comprising exon-intron 11 boundary in the PTC tissue (tumor DNA). A, NGS of the
5564-bp-long section of the RET protooncogene from exons 9 to 13 revealed the partial 32-bp deletion in exon-intron 11 boundary (9 bp from
exon 11 and 23 bp from intron 11) shown in the figure as black dash. This deletion was present in 26% of tumor DNA and was absent in germ
line DNA. B, Visualization of the somatic deletion by gel electrophoresis. From the left: 100-bp DNA ladder, PCR product corresponding to
RET exon 11 isolated from blood (germ line DNA) and PCR product corresponding to RET exon 11 isolated from PTC tissue (tumor DNA). In
the third well can be clearly seen the presence of partial 32-bp deletion.

and negative controls for RET/PTCI were included in the
run (in duplicate). For the cDNA quality control, expression
of housekeeping gene (f-actin) in the sample was tested
(in duplicate).

2.4. PCR and Sanger sequencing

To clarify the RET/PTClex9 sequence, the PCR was
performed using a Biometra thermocycler (Gottingen,
Germany) in a total volume of 20 uL containing 0.3 U
Gold Taq polymerase, 200 umol/L. deoxyribonucleoside
triphosphates, 1x PCR Buffer (Applied Biosystems, Foster
City, CA), 2 mmol/LL MgCl,, 0.25 umol/L of each primer
(identical to the primers used for real-time PCR), and 2 uL of
c¢DNA. Cycling conditions were as follows: initial denatur-

ation at 95°C for 10 minutes, 35 cycles consisted of
20-second denaturation (95°C), 30-second annealing
(60°C), 1-minute extension (72°C), and final extension at
72°C for 10 minutes. PCR product was visualized by 1.5%
agarose gel electrophoresis in 0.5 Tris-borate-EDTA buffer.

Subsequently, the PCR product was purified on an
Agencourt SPRIPlate Magnet Plate using an Agencourt
AMpure XP kit (Beckman Coulter, Fullerton, CA) and
sequenced using a DTCS (Dye Terminator Cycle Sequenc-
ing) Quick Start Master Mix Kit and a CleanSEQ
Dye-Terminator Removal (Beckman Coulter) according to
the manufacturer’s protocols. Sequencing was performed
using a CEQ 8000 instrument, and the data were evaluated
by CEQ 8000 software (Beckman Coulter). The primers used
for sequencing were identical to the primers used for

Fig. 1  The detection of RET/PTClex9 by melting curve analysis and identification of its cDNA sequence. A, Melting curve analysis

revealed differences between melting peaks corresponding to the RET/PTCI-positive control (first peak, analyzed in duplicate) and melting
peaks of RET/PTClex9 PCR product formed by real-time PCR (middle peak, analyzed in triplicate). Last peak corresponds to B-actin (cDNA
quality control, analyzed in duplicate), and baseline corresponds to negative control (water instead of cDNA in the reaction mixture). Sanger
sequencing—fusion points between exon | of CCDC6 and exon 9 of RET (B) and between exon 9 of RET and exon 12 of RET (C). Both PCR
products used for sequencing were separately amplified by primers designed to be specific for RET/PTC/ex9 as described in paragraph 2.4. D,
NGS—visualization of RET/PTClex9 in IGV browser after its construction in TopHat program—the fusion consists of exon | of CCDC6
gene and exons 9 and 12 of the RET protooncogene. The exons 10 and 11 of RET are nearly totally spliced as seen from coverage of each part
of the fused gene in the top of the figure.
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amplification. The cycle sequencing conditions consisted of
30 cycles of 96°C for 20 seconds, 50°C for 20 seconds, and
60°C for 4 minutes.

The presence of exon 9 of the RET protooncogene was
confirmed by 2 PCR reactions with specific primers designed
to anneal within exon 9 of RET followed by Sanger
sequencing of the products. The first product, CCDC6
exon 1-RET exon 9, was amplified using primers: forward:
5-CGCGACCTGCGCAAA-3" (annealing in exon | of
CCDC6) and reverse: 53'-GGTCTCCACAACATCG
CAGT-3" (annealing in exon 9 of RET), and the second
product, RET exon 9—-RET exon 12, was amplified using
primers: forward: 5'-CCACTGCGATGTTGTGGAGA-3’
(annealing in exon 9 of RET) and reverse: 5'-CAAG
TTCTTCCGAGGGAATTCC-3’ (annealing in exon 12
of RET).

For amplification of exon 11 of the RET in the tumor and
germ line DNA, the primers and PCR conditions were used
according to our previous article [4].

2.5. Long-range PCR

For the identification of breakpoints and any structural
changes in exons and introns of the RET protooncogene,
long PCR was performed using LongRange PCR kit
(Qiagen) according to manufacturer’s handbook. Tumor
and germ line DNA was used to amplify the 5564-bp long
region of the RET protooncogene from exon 9 to exon 13
with primers: forward: 5-CCACTGCGATGTTGTGGA
GA-3' (annealing in exon 9 of RET) and reverse: 5'-TGCA
GGCCCCATACAATTTGA-3" (annealing in exon 13 of
RET).

Table RET/PTC oncogenes

2.6. Next-generation sequencing

NGS method was applied to verify the sequence of 3
previously generated PCR products: RET/PTClex9 ampli-
fied from cDNA and region of the RET protooncogene
starting with exon 9 and ending with exon 13 amplified with
LongRange PCR from tumor and germ line DNA. Libraries
were generated using Nextera XT kit (Illumina, San Diego,
CA) according to the manufacturer’s sample preparation
protocol. Libraries with a molarity 4 pmol/L were subjected
to cluster generation on flow cell, and paired-end sequencing
for 300 cycles by a MiSeq Reagent Kit v2 in a MiSeq
sequencer platform (Tllumina) was performed.

Sequence data were analyzed by the on-instrument
software MiSeq Reporter v.2.4 (Illumina). The data were
demultiplexed, and FASTQ files were generated. Reads from
pair-end fragments were trimmed for low-quality and
duplicate reads. The MiSeq Reporter software aligned the
reads against the human reference sequence GRCH37.p5/hg19
using a Burrows-Wheeler Aligner. The variant calling for
targeted regions was performed using a Genome Analysis
Toolkit (GATK; Broad Institute, Cambridge, MA).

Secondary analysis of the data for the construction of
fusion gene was performed by the TopHat-Fusion [5]. This
software aligns reads across fusion points and is able to find a
fusion across 2 chromosomes or rearrangements within a
single chromosome. For visualization of the fusion, a TopHat
(2.0.13) splice junction mapper was used [6]. For this
purpose, a RET/PTC fusion reference sequence, which
contained exon 1 of CCDC6 gene and exons 9, 10, 11, and
12 of RET gene, was constructed. As an input files for
TopHat analysis, the FASTQ files were used and low-quality

Oncogene Fusion partner gene Chromosome Radiation induced References
RET/PTC 1 CCDC6 (H4, D10S170) 10g21 Both yes and no [15]
RET/PTC 1L CCDC6 (H4, D10S170) 10921 No [16]

Long RET/PTC 1 CCDC6 (H4, D10S170) 10921 Yes [17]
RET/PTClex9 CCDC6 (H4, D10S170) 10g21 No Current report
RET/ETGE 2 PKARIA 17923 Both yes and no [18]
RET/PTC 3 ELE] (NCOA4, RFG, ARA70) 10g22.1 Both yes and no [19-21]
RET/PTC 3r2 ELE] (NCOA4, RFG, ARA70) 10g22.1 Yes [22]
RET/PTC 3r3 ELE] (NCOA4, RFG, ARA70) 10g22.1 Yes [23]
RET/PTC 4 ELE] (NCOA4, RFG, ARA70) 10g22.1 Yes [24]
RET/PTC 5 RFG3 (GOLGIN-84, GOLGAS) 14¢32.12 Yes [25]
RET/PTC 6 TRIM24 (HTIF I, TIF1A) 7q32-34 Xes [26]
RET/PTC 7 TRIM33 (HTIFG, TIF1G, RFG7) Ipl3 Yes [26]
RET/PTC 8 KTNI (KINECTIN) 14g22.1 Yes [27]
RET/PTC 9 RFGY (KIAA1468) 18q21-22 Yes [28]
ELKS-RET ELKS (RABG6IP2) 12p13.3 No [29]
PCMI-RET PCMI 8p21-22 Yes [30]

A RFP-RET TRIM27 (RFP) 6p21.3 Yes [31]
HOOK3-RET HOOK3 8pll1.21 No [32]
ACBDS-RET ACBDS 10p12.1 Yes [3]
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and duplicate reads were trimmed away. Results were finally
visualized with an Integrative Genomics Viewer [7].

3. Results

The melting curve analysis showed an atypical fusion
gene in the sample that we have named RET/PTClex9
(Fig. 1A). The melting peak of RET/PTClex9 strongly
differed from RET/PTCI positive control which prompted us
to perform further analysis.

Subsequently, the length of RET/PTClex9 transcript was
compared with classical RET/PTCI transcript by agarose gel
electrophoresis. RET/PTC1ex9 transcript was approximately
100 bp longer than the classical RET/PTCI (results not
shown). Sanger sequencing of the RET/PTClex9 revealed
the presence of intact exon 9 of RET between exon 1 of
CCDC6 and exon 12 of RET in the rearrangement, and the
sequences of the 2 fusion points in 2 separate PCR products,
that is, CCDC6 exon 1-RET exon 9 and RET exon 9-RET
exon 12, are shown in Fig. 1B and C, respectively. RET/
PTClex9 transcript was also sequenced by NGS, and the
most possible fusion gene was constructed by the TopHat
program (Fig. 1D). There is clear evidence of sharp decrease
of coverage in the exons 10 and 11 that most probably
represent splicing of these exons.

NGS of LongRange PCR product (the 5564-bp-long
section of the RET protooncogene from exons 9 to 13) of
tumor and germ line DNA revealed the new somatic 32-bp
deletion in exon-intron 11 boundary (9 bp from exon 11 and
23 bp from intron 11) shown in Fig. 2A. This deletion was
present in part (26%) of tumor DNA and was missing in the
germ line DNA. The deletion in tumor DNA was also
confirmed by agarose gel electrophoresis of PCR product of
exon 11 of RET shown in Fig. 2B.

Extracellulardomain

ex1 int1 int8 ex9 int9
CCDC6gene N | + [ |
breakpoint breakpoint 5°splice site

ex1

CCDC6
RNA level:

4. Discussion

RET/PTC rearrangements are found in various popula-
tions and geographic regions with different frequencies. The
variability of RET/PTC prevalence depends on the age of
PTC patients, the histologic subtype of PTC, the detection
method, geographical conditions, and the patients’ history of
radiation exposure [8]. Irradiation (therapeutic or accidental)
seems to be the main risk factor for RET/PTC formation, and
high frequencies of RET/PTCs (56%-87% of PTC cases)
were especially detected in children exposed to the
radioactive fallout following the Chernobyl nuclear accident
[9-14].

At present, 13 fusion partners of RET forming 18 different
RET/PTCs have been found among thyroid cancer cases in
the world (Table). RET/PTCI and RET/PTC3 are the most
frequently found ones, whereas the other variants are
rare, mostly detected in single cases. The great majority of
RET/PTC oncogenes, except of RET/PTCIL, ELKS-RET
and HOOK3-RET, have been found in radiation-induced
thyroid tumors. All the known RET/PTC variants result from
the fusion of intracellular TK domain of RET at its 5" end and
the other gene and, therefore, lack the transmembrane and
extracellular domain of RET.

Qur RET/PTClex9 was found in the sporadic PTC of an
8-year-old male Czech patient without any evidence of
radiation exposure. From the clinical point of view, this
rearrangement seems to tend to an aggressive phenotype of
PTC and repeated recurrence. In RET/PTClex9, the fusion
occurred between exon | of CCDC6 and exon 9 of RET
instead of exon 12 of RET, as it is in classical RET/PTCI
fusion. Moreover, in RET/PTClex9, the absence of exons 10
and 11 of RET was observed, and thus, exon 9 is directly
followed by exon 12. To date, this is the single case where
involvement of the extracellular part of RET in RET/PTC

Transmembrane

domain  |ntracellulardomain

<RET protein

ex10 int10 ex11  int11 ex12

GT___AG G AG RET gene
Deletion of  3’splice site
S’splice site
X 9 ex 12
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Fig. 3  Schematic diagram of RET/PTClex9 and possible mechanism of its formation (int, intron; ex, exon).
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