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SOUHRN

Inaktivace tumor supresorovych genti BRCA1 a BRCA2 vede ke vzniku nékterych malignich nador, predevsim karcinomu mlécné Zlazy a ovaria. Ke ztraté
funkce téchto gent muze dojit nasledkem germinalnich a somatickych mutaci nebo epigenetickych zmén. Germinalni mutace jsou podstatou syndromu he-
reditarniho karcinomu prsu a ovaria. Defekt genti BRCA1/2 vyusti v poruchu homologni rekombinace, coz je zékladni mechanismus reparace dvouretézcovych
zlomud DNA. Vyslednd genomicka nestabilita je doprovézena vysokym rizikem nadorové transformace buriky. V pozitivnim smyslu se defekt homologni rekom-
binace projevi ve zvysené senzitivité nadorl vici chemoterapeutikiim ze skupiny platinovych derivatt, které pfimo poskozuji strukturu DNA. Novou generaci
protinadorovych Iéciv jsou inhibitory poly(ADP-riboso) polymerazy (PARP) zamérené na potlaceni opravy jednoretézcovych zlomd DNA. V nadorech s poru-
chou homologni rekombinace vedou PARP inhibitory k akumulaci poskozeni DNA a k zaniku nadorovych bunék mechanismem syntetické letality. Platinové
derivaty a PARP inhibitory jsou i¢inné nejen u nadorti s germinalnimi a somatickymi mutacemi genti BRCA1/2, ale i u sporadickych karcinom s epigenetickou
inaktivaci téchto gen, pfipadné s defekty dalSich nezavislych gent ucastnicich se regulace homologni rekombinace. Pro tento fenomén je vyhrazen termin
,BRCAness". Ke stanoveni BRCA1/2 statutu slouzi mutacni analyza, kterd je vSak vzhledem k zna¢né délce genti BRCA1/2 a Sirokému spektru moznych genetic-
kych zmén obtiznd. V soucasnosti se proto optimalni metodikou k jejich hodnoceni jevi sekvenovani nové generace (next generation sequencing). Otédzkou
budoucnosti zlistava vyvoj spolehlivych postupt testovani BRCAness u sporadickych nadord a snaha o potlaceni rezistence nadorovych bunék k platinovym
derivatiim a PARP inhibitordm.
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BRCA1 and BRCA2 - pathologist’s starting kit

SUMMARY

Dysfunction of tumor suppressor genes BRCA1 and BRCAZ2 is involved in the pathogenesis of malignant tumors, especially breast and ovarian carcinoma.
BRCA1/2 genes may be inactivated by germinal and somatic mutations or epigenetic changes. Germinal mutations are responsible for the hereditary breast
and ovarian carcinoma syndrome. Defects of BRCA1/2 genes lead to the failure of homologous recombination, the basic mechanism for DNA double strand
break repair. The resultant genomic instability is associated with a high risk of malignant transformation of the cell, but it also results in a higher sensitivity of
tumors to platinum-based chemotherapeutic compounds which damage DNA structure directly. Inhibitors of poly(ADP-ribose) polymerase (PARP) are the next
generation of antitumor agents aimed on the suppression of DNA single strand break repair. In homologous recombination deficient tumors, PARP inhibitors
lead to accumulation of DNA damage and death of neoplastic cells through the mechanism of synthetic lethality. Platinum-based agents and PARP inhibitors
are effective not only against tumors with germinal and somatic BRCA1/2 mutations but also against sporadic carcinomas with epigenetic BRCA1/2 inactivati-
on or with defects of other independent genes involved in the control of homologous recombination. This phenomenon is represented by the term,BRCAness”.
Mutational analysis is used for the assessment of BRCA1/2 status, but it is complicated by the prominent length of BRCA1/2 genes and a wide spectrum of
possible genetic alterations. Therefore, next generation sequencing seems to represent an optimal approach for BRCA1/2 evaluation nowadays. Development
of reliable diagnostic tests for BRCAness in sporadic tumors and efforts to reverse platinum and PARP inhibitors resistance represent the key objectives of the
forthcoming research.
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FUNKCE GENU BRCA1/2

BRCA1 a BRCA2 jsou tumor supresorové geny, jejichz inak-
tivace vede ke vzniku nékolika typd malignich nddord. Defekt
kteréhokoliv z nich souvisi u zen s karcinomem prsu a ovaria (1).
Ztrata funkce BRCA2 se u muzll uplatiiuje pfi vzniku karcinomu
prostaty a mlé¢né Zlazy a u obou pohlavi téZ v patogenezi kar-
cinomu pankreatu a melanomu (1). Tumor supresorovy Ucinek
BRCA1/2 vyplyva z jejich ulohy v reparaci poskozené DNA (2).
Spole¢né oznaceni genl pod zkratkou BRCA se odVviji pravé od
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asociace s karcinomem mlécné Zlazy (BReast CAncer), z hlediska
sekvence jde viak o geny zna¢né rozdilné, s odlisnou lokalizaci
v genomu (BRCA1 sidlina 17. chromozomu a BRCA2 na 13. chro-
mozomu). Jejich zékladni funkce je nicméné obdobna, nebot se
uplatfuji pfedevsim v mechanismu homologni rekombinace,
kde jejich proteinové produkty tvofi nezbytné komponenty
DNA vazebného komplexu. BRCA1 ma navic i vyznamnou funkci
v regulaci genové exprese, kontrole bunéc¢ného cyklu a remo-
delaci chromatinu (3).

Homologni rekombinace ma kriticky dudlezity vyznam pfi
opravé dvouretézcovych zlomd DNA (4), které bézné vznikaji
z piirozenych pficin (vlivem kyslikovych radikald a ionizujiciho
zéfeni) anebo v souvislosti s protinddorovou lécbou. Tento re-
parativni proces probiha u mitoticky aktivnich bunék béhem
replikace DNA nebo tésné po ni (S a G2 faze buné¢ného cyk-
lu), kdy v oblasti kompletniho preruseni molekuly DNA dochazi
k vyméné odpovidajicich sekvenci DNA sesterskych chromatid
homolognich chromozomd, syntéze chybéjicich usekd, ligaci
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