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Äîñë³äæåííÿ ìóòàö³é, ïîâ’ÿçàíèõ ³ç ñèíäðîìîì ñïàä-
êîâîãî ðàêó ìîëî÷íèõ çàëîç òà ðàêîì ÿº÷íèê³â, º 
íàäçâè÷àéíî âàæëèâèì äëÿ ðîçóì³ííÿ ãåíåòè÷íèõ ðè-
çèê³â ñåðåä óêðà¿íñüêèõ æ³íîê. Â äàí³é ðîáîò³ íàìè
ïðîâåäåíî NGS äîñë³äæåííÿ ìóòàö³é â ãåíàõ àñîö³-
éîâàíèõ ç ñèíäðîìîì ñïàäêîâîãî ÐÌÇ òà Ðß 1090 
æ³íêàì, ùî ìàëè ïîêàçè äî òåñòóâàííÿ òà 407 æ³í-
êàì êîíòðîëüíî¿ ãðóïè. Â ðåçóëüòàò³ äîñë³äæåííÿ 
âèÿâëåíî 233 ïàö³ºíòêè ç ìóòàö³ÿìè, ÿê³ âêëþ÷àëè 84 
óí³êàëüí³ âàð³àíòè. Íàéá³ëüøå ìóòàö³é çàô³êñîâàíî â 
ãåíàõ BRCA1 (102), BRCA2 (42) òà CHEK2 (67). Ó ãåí³ 
BRCA1 íàé÷àñò³øå âèÿâëåí³: c.5266dup (p.Gln1756fs) –
45 âèïàäê³â, c.181T>G (p.Cys61Gly) – 13, c.1510del 
(p.Arg504fs) – 6, c.4035del (p.Glu1346fs) – 5. Ãåí 
BRCA1 º êëþ÷îâèì ôàêòîðîì ðèçèêó ðîçâèòêó ðàêó
â ìîëîäîìó â³ö³, òîä³ ÿê CHEK2 ÷àñò³øå àñîö³þºòüñÿ
ç îíêîëîã³ºþ ó ñòàðøîìó â³ö³. Population Attributable 
Risk (PAR) äëÿ BRCA1 ñòàíîâèòü 7,49 %, ùî ðîáèòü 
öåé ãåí îñíîâíèì ôàêòîðîì ðèçèêó. Ñï³ââ³äíîøåííÿ 
øàíñ³â äëÿ ìóòàö³é CHEK2 – 1,84 (95% CI: 1,01–
3,34), à PAR – 2,2 %. Íàéâèùó ÷àñòîòó ìóòàö³é 
(BRCA1 ³ BRCA2) çàô³êñîâàíî â Öåíòðàëüíîìó ðå-
ã³îí³ Óêðà¿íè. Íàìè âïåðøå ïðîâåäåíî ìàñøòàáíå 
ãåíåòè÷íå äîñë³äæåííÿ ðîçïîâñþäæåíîñò³ ñïàäêîâèõ 
ìóòàö³é ïîâ’ÿçàíèõ ç ñèíäðîìîì ñïàäêîâîãî ÐÌÇ òà 
Ðß â Óêðà¿í³, âèçíà÷åíî ÷àñòîòó íàéá³ëüø ïîøèðåíèõ 
ìóòàö³é â äîñë³äæóâàí³é òà êîíòðîëüí³é êîãîðò³.

Êëþ÷îâ³ ñëîâà: Breast cancer, ovarian cancer, Hereditary 
mutation, BRCA1, BRCA2, CHEK2, Ukraine.

Âñòóï. Ðàê ìîëî÷íî¿ çàëîçè º íàéïîøèðåí³-
øèì îíêîëîã³÷íèì çàõâîðþâàííÿì ó ñâ³ò³. 
Ñìåðòí³ñòü æ³íîê â³ä ðàêó ìîëî÷íî¿ çàëîçè 
çàéìàº äðóãå ì³ñöå ï³ñëÿ ðàêó ëåãåíü, çã³äíî 

ç³ ñòàòèñòèêîþ â Ñïîëó÷åíèõ Øòàòàõ Àìåðè-
êè (American Cancer Society, 2024).

Íà æàëü, Óêðà¿íà íå º âèíÿòêîì ³ç ö³º¿ ñòà-
òèñòèêè. Çà äàíèìè áþëåòåíÿ ¹ 25 Íàö³îíàëü-
íîãî êàíöåð-ðåºñòðó çà 2022–2023 ðð., â Óêðà¿í³
áóëî çàô³êñîâàíî 12 258 íîâèõ âèïàäê³â çàõâî-
ðþâàííÿ íà ðàê ìîëî÷íî¿ çàëîçè ñåðåä æ³íîê 
³ 3 846 ñìåðò³ â³ä öüîãî çàõâîðþâàííÿ. Òàêîæ
âàðòî çàçíà÷èòè â³äíîñíî âèñîêèé ð³âåíü çàõâî-
ðþâàíîñò³ íà ðàê ÿº÷íèê³â, ÿêèé áóëî âïåðøå 
ä³àãíîñòîâàíî ó 2 806, à ïîìåðëî â³ä íüîãî 1 235 
æ³íîê (Fedorenko et al., 2024). 

Ñó÷àñí³ äîñë³äæåííÿ ñâ³ä÷àòü, ùî â³ä 5 äî 
10 % âèïàäê³â ðàêó ìîëî÷íî¿ çàëîçè ïîâ’ÿçàí³ 
ç³ ñïàäêîâèìè ìóòàö³ÿìè (Lacroix and Leclercq, 
2005). Ïðèáëèçíî 30 % âèïàäê³â ñèíäðîìó 
ñïàäêîâîãî ðàêó ìîëî÷íî¿ çàëîçè òà ÿº÷íèê³â 
àñîö³þþòüñÿ ç ìóòàö³ÿìè â ãåíàõ BRCA1/2, ùî 
ðîçòàøîâàí³ íà õðîìîñîìàõ 13 ³ 17 â³äïîâ³ä-
íî (Valencia et al., 2017). Âîäíî÷àñ, ñåðåä îñ³á 
ç ñ³ìåéíèì àíàìíåçîì ðàêó ìîëî÷íî¿ çàëîçè 
íå âñ³ º íîñ³ÿìè ìóòàö³é ó ãåíàõ BRCA1/2, ùî 
ñâ³ä÷èòü ïðî íàÿâí³ñòü ³íøèõ ãåíåòè÷íèõ ôàê-
òîð³â ðèçèêó (Piccinin et al., 2019).

Äîñë³äæåííÿ ìóòàö³é, ïîâ’ÿçàíèõ ³ç ñèíäðî-
ìîì ñïàäêîâîãî ðàêó ìîëî÷íèõ çàëîç òà ðà-
êîì ÿº÷íèê³â, º íàäçâè÷àéíî âàæëèâèì äëÿ 
ðîçóì³ííÿ ãåíåòè÷íèõ ðèçèê³â ñåðåä ïîïóëÿ-
ö³¿ óêðà¿íñüêèõ æ³íîê. Óêðà¿íà, ÿê íàéá³ëüøà 
êðà¿íà, ùî ïîâí³ñòþ ðîçòàøîâàíà â ªâðîï³, 
ìàº áàãàòèé ãåíåòè÷íèé ëàíäøàôò, ñôîðìî-
âàíèé â ðåçóëüòàò³ òèñÿ÷îë³òü ì³ãðàö³é òà çì³-
øóâàííÿ íàñåëåííÿ (Oleksyk et al., 2021).

Ñüîãîäí³ íàñåëåííÿ Óêðà¿íè äåìîíñòðóº 
óí³êàëüíó ãåíåòè÷íó âàð³àòèâí³ñòü, ÿêà º âàæ-
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Ãåíåòè÷íî çíà÷óù³ ñïàäêîâ³ ìóòàö³¿, ïîâ’ÿçàí³ ç ðàêîì ìîëî÷íî¿ çàëîçè òà ÿº÷íèê³â 

ëèâîþ äëÿ ìåäè÷íèõ äîñë³äæåíü, âêëþ÷àþ÷è 
âèâ÷åííÿ ñïàäêîâèõ ãåíåòè÷íèõ ñèíäðîì³â, ïî-
â’ÿçàíèõ ç ðàêîì. Îñòàíí³ äîñÿãíåííÿ â òåõ-
íîëîã³ÿõ ñåêâåíóâàííÿ ÄÍÊ, äîçâîëèëè äîñ-
ë³äíèêàì îòðèìàòè äîêëàäí³ ãåíåòè÷í³ äàí³ ïðî 
óêðà¿íñüêó ïîïóëÿö³þ, ïîâ’ÿçàí³ ç ãåíåòè÷íî 
çíà÷óùèìè ìóòàö³ÿìè (Oleksyk et al., 2015).

Âèçíà÷åííÿ ìóòàö³é ÿê³ àñîö³þþòüñÿ ç³ ñïàä-
êîâèì ðàêîì ìîëî÷íèõ çàëîç òà ÿº÷íèê³â, º 
êðèòè÷íî âàæëèâèì äëÿ âèÿâëåííÿ æ³íîê ç ï³ä-
âèùåíèì ðèçèêîì ðîçâèòêó öèõ çàõâîðþâàíü. 
Òàêèì ÷èíîì, äîñë³äæåííÿ ãåíåòè÷íèõ âàð³àí-
ò³â, ïîâ’ÿçàíèõ ç ðàêîì ìîëî÷íî¿ çàëîçè òà 
ÿº÷íèê³â, ñåðåä óêðà¿íñüêèõ æ³íîê ìîæå çíà÷-
íî ïîë³ïøèòè ðàííþ ä³àãíîñòèêó ³ ïðîô³ëàê-
òèêó ñïàäêîâîãî ðàêó.

Ìàòåð³àëè òà ìåòîäè. Êåðóþ÷èñü ðåêîìåí-
äàö³ÿìè NCCN (NCCN, V3.2023), äî äîñë³ä-
æóâàíî¿ ãðóïè áóëî âêëþ÷åíî 1090 æ³íîê ç 
ð³çíèõ ðåã³îí³â Óêðà¿íè, ïåðåâàæíà á³ëüø³ñòü 
ç ÿêèõ áóëè íàïðàâëåí³ ë³êàðåì íà ãåíåòè÷íå 
òåñòóâàííÿ äî ñïåö³àë³çîâàíî¿ ëàáîðàòîð³¿. Ñå-
ðåä íèõ 799 æ³íîê ìàëè ï³äòâåðäæåíèé ä³àãíîç 
ðàêó ìîëî÷íî¿ çàëîçè, 205 – ðàê ÿº÷íèê³â, 
86 – îáòÿæåíèé ñ³ìåéíèé àíàìíåç îíêîëî-
ã³÷íèõ çàõâîðþâàíü. Äîñë³äæåííÿ ïðîâîäèëîñÿ 
çà ³í³ö³àòèâîþ ïàö³ºíò³â ³ç ñàìîñò³éíîþ îïëà-
òîþ, âñ³ ó÷àñíèö³ íàäàëè ïèñüìîâó ³íôîðìîâà-
íó çãîäó ùîäî ìîæëèâîñò³ âèêîðèñòàííÿ ¿õ
äåïåðñîí³ô³êîâàíèõ ãåíåòè÷íèõ äàíèõ â íàóêî-
âèõ ö³ëÿõ. Êîãîðòà âêëþ÷àëà ïðåäñòàâíèöü 
ð³çíèõ â³êîâèõ ãðóï, à òàêîæ â³äîáðàæàëà øè-
ðîêó ãåîãðàô³÷íó òà ñîö³àëüíî-äåìîãðàô³÷íó 
âàð³àö³þ.

Êîíòðîëüíîþ ãðóïîþ ñòàëè äàí³ 407 æ³íîê, 
ÿê³ ïåðåâàæíî ñàìîñò³éíî çâåðòàëèñÿ äî ãåíå-
òè÷íî¿ ëàáîðàòîð³¿ äëÿ ãåíåòè÷íîãî òåñòóâàí-
íÿ ìåòîäîì NGS. Óñ³ âîíè íà ìîìåíò äîñë³ä-
æåííÿ íå ìàëè ï³äòâåðäæåíèõ îíêîëîã³÷íèõ 
ä³àãíîç³â àáî îáòÿæåíîãî ñ³ìåéíîãî àíàìíåçó.

Äîñë³äæåííÿ ïðîâîäèëîñü íà ìàòåð³àë³ ïåðè-
ôåð³éíî¿ êðîâ³ àáî ñëèí³. Öå äîñë³äæåííÿ º 
ìàñøòàáíèì ãåíåòè÷íèì àíàë³çîì ïîïóëÿö³¿ óê-
ðà¿íñüêèõ æ³íîê.

Çàëó÷åííÿ âåëèêî¿ ê³ëüêîñò³ ïàö³ºíòîê ³ç ð³ç-
íèõ ðåã³îí³â Óêðà¿íè äîçâîëÿº íå ëèøå âèâ÷èòè 
çàãàëüí³ òåíäåíö³¿, àëå é ïðîàíàë³çóâàòè ðåã³î-
íàëüí³ â³äì³ííîñò³ ó ïîøèðåíí³ ìóòàö³é, ÿê³
ìîæóòü áóòè ïîâ’ÿçàí³ ç ³ñòîðè÷íèìè òà åòí³÷-
íèìè îñîáëèâîñòÿìè.

Äîñë³äæåííÿ âèêîíóâàëèñÿ â àêðåäèòîâà-
íèõ ëàáîðàòîð³ÿõ «Life Code» (ÒÎÂ «Íàíîìåä-
òåõ») òà «ULTRAGENOM» (ÒÎÂ «Óëüòðàãå-
íîì»), îáëàäíàíèõ äëÿ NGS-àíàë³çó. Ëàáîðà-
òîð³¿ â³äïîâ³äàþòü ì³æíàðîäíèì ñòàíäàðòàì 
äëÿ ïðîâåäåííÿ ãåíåòè÷íèõ äîñë³äæåíü, âêëþ-
÷àþ÷è NGS.

Óñ³ äîñë³äæåííÿ âèêîíóâàëèñÿ çà äîïîìî-
ãîþ òåõíîëîã³¿ NGS íà ïëàòôîðì³ Thermo Fi-
sher Ion Torrent Proton. Äëÿ ï³äãîòîâêè á³áë³î-
òåê çàñòîñîâóâàâñÿ Thermo Fisher Ion Chef òà 
ïàíåëü CleanPlex® Hereditary Cancer Panel v2 
(«Paragon Genomics», ÑØÀ), ÿêà ñïåö³àëüíî 
ðîçðîáëåíà äëÿ âèÿâëåííÿ ìóòàö³é, àñîö³éî-
âàíèõ ³ç ñèíäðîìàìè ñïàäêîâî¿ ñõèëüíîñò³ äî 
ðàêó. Ïàíåëü âêëþ÷àº äîñë³äæåííÿ êîäóþ÷î¿ 
ïîñë³äîâíîñò³ 37 ãåí³â: APC, BRIP1, MEN1, 
PALB2, RNF139, ATM, CDH1, MITF, PMS2, 
SMAD4, BAP1, CDK4, MLH1, POLD1, STK11, 
BARD1, CDKN2A, MRE11A, POLE, TP53, BLM, 
CHEK2, MSH2, PTEN, XRCC2, BMPR1A, EPCAM, 
MSH6, RAD50, BRCA1, FAM175A, MUTYH, 
RAD51C, BRCA2, GREM1, NBN, RAD51D.

Âèä³ëåííÿ ÄÍÊ äëÿ äîñë³äæåíü çä³éñíþâà-
ëè çà äîïîìîãîþ íàáîðó NucleoMag Dx Pathogen 
(âèðîáíèê: Macherey-Nagel GmbH and Co. KG,
Í³ìå÷÷èíà), çã³äíî îðèã³íàëüíîãî ïðîòîêîëó âè-
ðîáíèêà (ìàãí³òíà åêñòðàêö³ÿ ç âèêîðèñòàííÿì
Proteinase K-ë³çèñó, áóôåð³â òà ìàãí³òíèõ êó-
ëüîê). Ê³ëüê³ñòü òà ÿê³ñòü îòðèìàíèõ íóêëå¿íî-
âèõ êèñëîò îö³íþâàëè çà äîïîìîãîþ ñïåêòðî-
ôîòîìåòðà/ôëþîðèìåòðà DeNovix DS-11 FX+ 
(ÑØÀ). 

Äëÿ äîñë³äæåííÿ ³ç âèêîðèñòàííÿì íàáîðó
CleanPlex® Hereditary Cancer Panel v2 âèêî-
ðèñòîâóâàëè 20–80 íã âèñîêîÿê³ñíî¿ ãåíîìíî¿ 
ÄÍÊ íà îäíó ïðîáó (ïî 10–40 íã íà êîæåí ç 
äâîõ ïðàéìåðíèõ ïóë³â), â³äïîâ³äíî äî ðåêî-
ìåíäàö³é âèðîáíèêà. ÄÍÊ áóëà â³ëüíîþ â³ä 
äîì³øîê á³ëê³â, ñîëåé òà ³íøèõ ³íã³á³òîð³â, 
ñï³ââ³äíîøåííÿ OD260/280 ñêëàäàëî 1,8–2,0, 
OD260/230 – ïîíàä 1,7.

Âëàñíèêîì ïàíåë³ ãåí³â CleanPlex® Heredi-
tary Cancer Panel v2 º êîìïàí³ÿ Paragon Geno-
mics («Fremont», California, USA), ÿêà çàáåçïå-
÷óº ðîçðîáêó òà âèðîáíèöòâî äàíî¿ êîìåðö³é-
íî¿ ïàíåë³. Äëÿ ñåêâåíóâàííÿ íà ïëàòôîðì³ Ion 
Torrent Proton á³áë³îòåêà ôîðìóâàëàñÿ ³ç äâîõ 
ïðàéìåðíèõ ïóë³â (5X), ùî îõîïëþþòü 1 447 
àìïë³êîí³â ðîçì³ðîì 105–299 bp (ñåðåäí³é – 
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Ä. Íåãðóëÿ, Ä. Øàïî÷êà, Ä. Äåêàð òà ³í.

214 bp) ³ç Single-index ³íäåêñàö³ºþ. Äîâæèíà 
ð³ä³â äëÿ ñåêâåíóâàííÿ â³ä 200 äî 400 bp, ùî 
äîçâîëÿº ïîâí³ñòþ ïîêðèâàòè òàðãåòí³ ôðàã-
ìåíòè á³áë³îòåêè. On-target coverage ñòàíîâèòü 
�95 %, äèçàéí-ïîêðèòòÿ – 100 % òàðãåòíèõ ä³-
ëÿíîê ïàíåë³.

Á³î³íôîðìàòè÷íèé àíàë³ç ïðîâîäèâñÿ ç âè-
êîðèñòàííÿì ³íòåãðîâàíîãî ïàéïëàéíó: Torrent 
Suite Software äëÿ ãåíåðàö³¿ FASTQ òà BAM 
ôàéë³â ç ïîäàëüøèì àâòîìàòè÷íèì òðàíñôå-
ðîì â Ion Reporter, äå â³äáóâàâñÿ Variant Ca-
lling òà ô³ëüòðàö³ÿ âàð³àíò³â. Îòðèìàíèé VCF-
ôàéë äîäàòêîâî àíàë³çóâàâñÿ â ïðîãðàì³ Frank-
lin by Genoox äëÿ àíîòàö³¿ òà êëàñèô³êàö³¿.

Êðèòåð³¿ â³äáîðó çíà÷óùèõ âàð³àíò³â òà ¿õ êëà-
ñèô³êàö³¿ â³äïîâ³äàëè ðåêîìåíäàö³ÿì ACMG/
AMP. Âñ³ çíàéäåí³ âàð³àíòè ïðîõîäèëè åêñ-
ïåðòíó ³íòåðïðåòàö³þ ÷åðåç ïëàòôîðìó Frank-
lin by Genoox ³ç óðàõóâàííÿì ïîòî÷íî¿ äîïîâ-
íåíî¿ äîêàçîâî¿ áàçè (ClinVar, HGMD, peer-
reviewed ë³òåðàòóðà). Â îñòàòî÷íèé çâ³ò âêëþ-
÷àëèñÿ ëèøå ïàòîãåíí³ òà ³ìîâ³ðíî ïàòîãåíí³ 
âàð³àíòè, âèçíà÷åí³ çã³äíî ñòàíäàðò³â ACMG.

Ñòàòèñòè÷íèé àíàë³ç. Çíà÷åííÿ P, â³äíî-
øåííÿ øàíñ³â (OR) ³ 95 % äîâ³ð÷³ ³íòåðâàëè 
îá÷èñëþâàëèñÿ çà äîïîìîãîþ ïðîãðàìíîãî çà-
áåçïå÷åííÿ R (âåðñ³ÿ 4.4.2). Êàòåãîð³àëüí³ äàí³ 
ïîäàâàëèñÿ ó âèãëÿä³ â³äñîòê³â, à ÷èñëîâ³ äàí³ – 
ó âèãëÿä³ ñåðåäíüîãî çíà÷åííÿ òà ñòàíäàðòíîãî 
â³äõèëåííÿ àáî ìåä³àíè òà ³íòåðêâàðòèëüíîãî 
ä³àïàçîíó. Â³êîâ³ ïîêàçíèêè ïàö³ºíò³â ðîçðà-
õîâóâàëèñÿ çà äîïîìîãîþ Descriptive statistics â 
ïðîãðàì³ GraphPad Prism 8.

Ðåçóëüòàòè. Ó äîñë³äæåíí³ áóëî âèçíà÷åíî 
233 ïàö³ºíò³â ³ç ìóòàö³ÿìè, ñåðåä ÿêèõ âèÿâëåíî 
84 óí³êàëüí³ ìóòàö³¿. Íàéá³ëüøå áóëî âèÿâëåíî 
íîñ³¿â ìóòàö³é ãåíó BRCA1 (102 ïàö³ºíòè), ñåðåä 
ÿêèõ 27 ìóòàö³é áóëè óí³êàëüíèìè – öå äðóãèé çà 
âåëè÷èíîþ ïîêàçíèê ñåðåä óñ³õ äîñë³äæóâàíèõ 
ãåí³â. Ë³äåðîì çà ê³ëüê³ñòþ óí³êàëüíèõ ìóòàö³é 
âèÿâèâñÿ ãåí B RCA2 (32 óí³êàëüí³ ìóòàö³¿), îä-
íàê çà çàãàëüíîþ ê³ëüê³ñòþ ïàö³ºíò³â ³ç ìóòàö³-
ÿìè éîãî ïåðåâåðøèâ ãåí C HEK2 (67 ïàö³ºíò³â, 
ñåðåä ÿêèõ 7 ìóòàö³é áóëè óí³êàëüíèìè; ðèñ. 1).

Ó äîñë³äæóâàí³é êîãîðò³ á³ëüø³ñòü ïàö³ºíò³â 
ìàþòü êàðöèíîìó ÌÇ (799), ïàö³ºíò³â ³ç êàðöè-
íîìîþ ÿº÷íèê³â (205). Ïàö³ºíò³â ç îáòÿæåíèì 
àíàìíåçîì 86.

Íàéá³ëüøå ïàö³ºíò³â ³ç ìóòàö³ÿìè BRCA1/2 
ñïîñòåð³ãàºòüñÿ ñåðåä ïàö³ºíò³â ³ç êàðöèíîìîþ 

ÌÇ 109 ç 799. Ñåðåä ïàö³ºíò³â ³ç êàðöèíîìîþ 
ÿº÷íèê³â ìóòàö³¿ BRCA1/2 âèÿâëåí³ ó 19 ³ç 205.
Ñåðåä ïàö³ºíò³â ³ç îáòÿæåíèì àíàìíåçîì ìóòà-
ö³¿ BRCA1/2 âèÿâëåíî ó 16 ³ç 86.

Ñåðåä ïàö³ºíò³â ³ç êàðöèíîìîþ ÌÇ, ìóòàö³¿ 
â non-BRCA ãåíàõ áóëè âèÿâëåí³ ó 87 ç 799 
îñ³á, à òàêîæ ó 2 ç 86 ïàö³ºíò³â ³ç îáòÿæåíèì 
ñ³ìåéíèì àíàìíåçîì. Ó ïàö³ºíò³â ³ç êàðöèíî-
ìîþ ÿº÷íèê³â ìóòàö³¿ ñïîñòåð³ãàëèñÿ âèêëþ÷íî 
â ãåíàõ BRCA1/2.

Äî óâàãè áðàëèñÿ ëèøå ïàòîãåíí³ ³ éìîâ³ð-
íî ïàòîãåíí³ âàð³àíòè (ìóòàö³¿) â äîñë³äæå-
íèõ ãåíàõ. 

Ãåíè BRCA1 òà BRCA2 º íàéá³ëüø äîñë³ä-
æóâàíèìè òà áåçïîñåðåäíüî àñîö³éîâàíèìè ç
ÐÌÇ òà Ðß. Ïàòîãåíí³ ìóòàö³¿ â öèõ ãåíàõ 
íàé÷àñò³øå çóñòð³÷àþòüñÿ â ð³çíèõ ïîïóëÿö³ÿõ 
ïî âñüîìó ñâ³ò³ òà ìàþòü åôåêò çàñíîâíèêà. 
Ïðîäóêòè öèõ ãåí³â áåðóòü ó÷àñòü ó ïðîöåñ³ 
ðåïàðàö³¿ äâîëàíöþãîâèõ ðîçðèâ³â ÄÍÊ øëÿ-
õîì ãîìîëîã³÷íî¿ ðåêîìá³íàö³¿ ³ â³ä³ãðàþòü òà-
êèì ÷èíîì âàæëèâó ðîëü â ï³äòðèìàíí³ ñòà-
á³ëüíîñò³ ãåíîìó.

Â òàáë. 1 íàâåäåí³ PV/LPV, ÿê³ áóëè âèÿâëåí³ 
â ãåíàõ BRCA1/2 òà ê³ëüê³ñòü ïàö³ºíò³â ç äàíèìè 
âàð³àíòàìè. Ó ãåí³ BRCA1 íàé÷àñò³øå âèÿâëåí³: 
c.5266dup (p.Gln1756fs) – 45 âèïàäê³â, c.181T>G 
(p.Cys61Gly) – 13, c.1510del (p.Arg504fs) – 6, 
c.4035del (p.Glu1346fs) – 5.

Çã³äíî ç äàíèìè òàáë. 2 â íàøîìó äîñë³ä-
æåíí³ äðóãèì çà ê³ëüê³ñòþ âèÿâëåíèõ íîñ³¿â 
ìóòàö³é áóâ ãåí CHEK2 (N = 67). Ïðè öüîìó, 
â ãåí³ CHEK2 áóëî âèÿâëåíî íàáàãàòî ìåíøå 
óí³êàëüíèõ ìóòàö³é í³æ â ãåíàõ BRCA1 òà 
BRCA2, ñåðåä ÿêèõ íàé÷àñò³øå çóñòð³÷àëèñü: 
c.470T>C, c.1100del òà c.444+1G>A. Çàãàëîì 
ãðóïà ãåí³â non-BRCA íàë³÷óþòü 87 ïàö³ºíò³â 
ç PV/LPV, ñåðåä ÿêèõ 25 º óí³êàëüíèìè, ùî 
äåìîíñòðóº ¿õ çíà÷íèé âïëèâ íà ðîçâèòîê 
ñïàäêîâèõ ôîðì äîñë³äæóâàíîãî íåäóãó.

Çã³äíî äàíèì íàâåäåíèì â òàáë. 3, ó öüîìó 
äîñë³äæåíí³ áóëî ïðîàíàë³çîâàíî ÷àñòîòó ìóòà-
ö³é ó ð³çíèõ ãåíàõ ñåðåä ïàö³ºíò³â, ðîçïîä³ëå-
íèõ çà â³êîâèìè ãðóïàìè. Çàãàëîì áóëî îõîï-
ëåíî 1090 ïàö³ºíò³â, ç ÿêèõ 340 áóëè ìîëîäø³ 
40 ðîê³â, 427 – ó â³êîâ³é ãðóï³ 40–49 ðîê³â, à 
323 – ñòàðø³ çà 50 ðîê³â.

Çàãàëüíà ÷àñòîòà ìóòàö³é â êîãîðò³ ñòàíî-
âèòü 21,37 %. Íàéâèùà ÷àñòîòà ìóòàö³é ñïî-
ñòåð³ãàºòüñÿ ó ãðóï³ â³êîì <40 ðîê³â (24,41 %), 
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Ðèñ. 1. Ðîçïîä³ë ìóòàö³é çà çàãàëüíîþ ê³ëüê³ñòþ ¿õ íîñ³¿â òà ê³ëüê³ñòþ óí³êàëüíèõ ìóòàö³é

Òàáëèöÿ 1. PV/LPV â ãåíàõ BRCA1/2

Íóêëåîòèäíèé âàð³àíò Á³ëêîâèé âàð³àíò
Ê³ëüê³ñòü 

ïàö³ºíò³â, N
Êëàñèô³êàö³ÿ âàð³àíòó

BRCA1

c.1082C>G
c.1510del
c.1687C>T
c.181T>G
c.1961del
c.3228_3229del
c.3247_3251del
c.3292_3293del
c.3607C>T
c.3700_3704del
c.3756_3759del
c.4035del
c.4120_4121del
c.4357+1G>T
c.4675+3A>T
c.4689C>G
c.5075-1G>A
c.5145C>G

c.5152+1G>T
c.5153G>A
c.5251C>T
c.5266dup
c.53T>C
c.68_69del
c.832dup
c.5386del
DELETION12-18 EXON

p.Ser361Ter
p.Arg504fs
p.Gln563Ter
p.Cys61Gly
p.Lys654fs
p.Gly1077fs
p.Met1083*
p.Leu1098fs
p.Arg1203Ter
p.Val1234fs
p.Ser1253Argfs*10
p.Glu1346fs
p.Glu1373_Ser1374insTer
–
–
p.Tyr1563Ter
–
p.Ser1715Arg

–
p.Trp1718Ter
p.Arg1751Ter
p.Gln1756fs
p.Met18Thr
p.Glu23fs
p.Thr278fs
p.Ser1796fs
–

1
6
2
13
3
1
1
1
1
1
2
5
1
1
1
3
1
1

1
1
3
45
1
3
1
1
1

Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic/
Likely pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
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ïîñòóïîâî çìåíøóþ÷èñü ç â³êîì: ó â³êîâ³é ãðó-
ï³ 40–49 ðîê³â ÷àñòîòà ñòàíîâèòü 22,25 %, ó 
ãðóï³ >50 ðîê³â âîíà íàéíèæ÷à – 16,4 %. 

Íàéá³ëüøà ê³ëüê³ñòü ìóòàö³é ïðèïàäàº íà: 
BRCA1 (102 âèïàäêè, 9,36 %) – íàéâèùà ÷àñ-
òîòà ñåðåä óñ³õ ãåí³â, CHEK2 (67 âèïàäê³â;
6,15 %) òà BRCA2 (42 âèïàäêè; 3,85 %).

Ðåçóëüòàòè ðîçïîä³ëó ìóòàö³é çà â³êîâèìè 
ãðóïàìè ñâ³ä÷àòü, ùî ìóòàö³¿ â ãåí³ BRCA1 
àñîö³þþòüñÿ ç ìîëîäøèì â³êîì. Öå ï³äòâåðä-
æóº ðîëü öüîãî ãåíà â ðàííüîìó ðîçâèòêó ðàêó 
ìîëî÷íî¿ çàëîçè. Íàéâèùà ÷àñòîòà â ãðóï³ <40 

ðîê³â (13,23 %), ó ãðóï³ 40–49 ðîê³â ÷àñòîòà 
íèæ÷à – 10,3 %, ñåðåä ãðóïè >50 ðîê³â ÷àñòîòà 
çíà÷íî çíèæóºòüñÿ – 3,71 %.

Ìóòàö³¿ â ãåí³ BRCA2 ìàþòü ìåíø âèðàæå-
íó â³êîâó ñïåöèô³êó ïîð³âíÿíî ç BRCA1, ïðè 
öüîìó íàéâèùà ÷àñòîòà ñïîñòåð³ãàºòüñÿ â á³ëüø
ñòàðø³é â³êîâ³é ãðóï³ ïàö³ºíò³â 40–49 ðîê³â. 
×àñòîòà ðîçïîä³ëåíà ð³âíîì³ðí³øå ì³æ â³êîâè-
ìè ãðóïàìè: <40 ðîê³â – 3,23 %, 40–49 ðîê³â –
4,68 % òà >50 ðîê³â – 3,4 %.

Ìóòàö³¿ â ãåí³ CHEK2 ìàþòü òåíäåíö³þ äî
çá³ëüøåííÿ â ñòàðø³é â³êîâ³é ãðóï³, ùî óçãîä-

Ïðîäîâæåííÿ òàáë. 1

Íóêëåîòèäíèé âàð³àíò Á³ëêîâèé âàð³àíò
Ê³ëüê³ñòü 

ïàö³ºíò³â, N
Êëàñèô³êàö³ÿ âàð³àíòó

BRCA2

c.1310_1313del
c.2653_2656del
c.2808_2811del
c.2945del
c.3545_3546del
c.364del
c.3682_3685del
c.4284del
c.475+1G>T
c.5279C>G
c.5286T>G
c.5722_5723del
c.6078_6079del
c.632-2A>G
c.6405_6409del
c.6468_6469del
c.658_659del
c.6998dup
c.7007+1G>C
c.7069_7070del
c.7721G>A
c.7868A>G

c.8169T>A
c.8680C>T
c.8755-1G>A
c.8924del
c.968_971del
c.1389_1390del
c.7558C>T
c.6184del
c.3167_3170del
ñ.7964A>C

p.Lys437fs
p.Asp885fs
p.Ala938Profs
p.Ile982fs
p.Gln1181_Phe1182insTer
p.Thr122fs
p.Asn1228fs
p.Gln1429fs
–
p.Ser1760Ter
p.Tyr1762Ter
p.Leu1908fs
p.Glu2028fs
–
p.Asn2135fs
p.Gln2157fs
p.Val220fs
p.Pro2334fs
–
p.Leu2357fs
p.Trp2574Ter
p.His2623Arg

p.Asp2723Glu
p.Gln2894Ter
–
p.Val2975fs
p.Val323fs
p.Val464fs
p.Arg2520Ter
p.S2062Vfs*8
p.Gln1056fs
p.Gln2655Pro

1
1
1
1
2
1
2
1
4
1
1
1
1
1
1
2
2
1
1
2
1
1

2
1
1
2
1
1
1
1
1
1

Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic/
Likely pathogenic
Likely pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
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æóºòüñÿ ç äàíèìè ïðî íèæ÷ó ïåíåòðàíòí³ñòü 
ìóòàö³é â äàíîìó ãåí³, à îòæå ³ ï³çí³øèé 
ñåðåäí³é â³ê âèÿâëåííÿ ïóõëèíè ó íîñ³¿â ìóòà-
ö³é CHEK2. Íàéâèùà ÷àñòîòà ó â³êîâ³é ãðóï³ 
>50 ðîê³â (7,43 %). Ó ãðóï³ <40 ðîê³â ÷àñòîòà – 
6,76 %, à ó â³êîâ³é ãðóï³ 40–49 ðîê³â – 4,68 %.

Ñåðåäí³é â³ê âñ³õ ïàö³ºíò³â ñòàíîâèòü 44,96, 
äëÿ ïàö³ºíò³â ç ìóòàö³ÿìè òà áåç 43,26 òà 45,41 
â³äïîâ³äíî. Ñåðåäíº â³äõèëåííÿ äëÿ êîæíî¿ ç 
ãðóï � 10 (ðèñ. 2). 

ßê ïîêàçàíî íà ðèñ. 3, ïóõëèíè íàéðàí³øå 
ä³àãíîñòóþòü ó ïàö³ºíò³â ³ç PV/LPV ó ãåí³ 

Òàáëèöÿ 2. PV/LPV â non-BRCA ãåíàõ

Íóêëåîòèäíèé âàð³àíò Á³ëêîâèé âàð³àíò
Ê³ëüê³ñòü 

ïàö³ºíò³â, N
Êëàñèô³êàö³ÿ âàð³àíòó

ATM

c.5932G>T
c.8147T>C
c.8584+2T>C
c.6312G>A

p.Glu1978Ter
p.Val2716Ala
–
p.(W2104*)

1
2
1
1

Pathogenic
Pathogenic/Likelypathogenic
Pathogenic/Likelypathogenic
Likely pathogenic

BARD1

c.1690C>T
c.2300_2301del

p.Gln564Ter
p.Val767Aspfs*4

3
1

Pathogenic
Pathogenic/Likely pathogenic

CHEK2

c.1100del
c.1175C>T
c.319+2T>A
c.433C>T
c.444+1G>A
c.470T>C
DELETION 9–10 EXON

p.Thr367fs
p.Ala392Val
–
p.Arg145Trp
–
p.Ile157Thr

5
1
2
1
6
49
3

Pathogenic
Likely pathogenic
Pathogenic/Likely pathogenic
Likely pathogenic
Pathogenic/Likely pathogenic
Likely pathogenic
Pathogenic

BLM

c.1642C>T p.Gln548Ter 1 Pathogenic

MRE11

c.1714C>T p.Arg572Ter 1 Pathogenic

NBN

c.171+1G>A
c.657_661del

–
p.Lys219Asnfs*16

1
2

Likely pathogenic
Pathogenic

PALB2

c.509_510del
c.764delA

p.Arg170fs
p.Asp255ValfsTer24

1
1

Pathogenic
Likely pathogenic

TP53

c.626_627del
c.659A>G
c.733G>A
c.844C>G

p.Arg209fs
p.Tyr220Cys
p.Gly245Ser
p.Arg282Gly

1
1
1
1

Pathogenic
Pathogenic
Pathogenic
Pathogenic

XRCC2

c.190C>T
c.350del

p.Arg64Ter
p.Leu117fs

1
1

Pathogenic
Likely pathogenic
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BRCA1, äå ñåðåäí³é â³ê ñòàíîâèòü 40.86 ³ç ñå-
ðåäí³ì â³äõèëåííÿì 7,68. Öå çíà÷íî â³äð³çíÿ-
ºòüñÿ â³ä ïàö³ºíò³â ³ç PV/LPV ó ãåíàõ BRCA2 òà 
CHEK2, äëÿ ÿêèõ ñåðåäí³é â³ê ñòàíîâèòü 45,10 
(ñåðåäíº â³äõèëåííÿ 9,15) òà 45,60 (ñåðåäíº â³ä-
õèëåííÿ 10,54) â³äïîâ³äíî.

Äî êîíòðîëüíî¿ ãðóïè ìåòîäîì NGS óâ³éøëî 
407 æ³íîê, ÿê³ ïåðåâàæíî ñàìîñò³éíî çâåðòàëèñÿ 
äî ãåíåòè÷íî¿ ëàáîðàòîð³¿. Äàí³, ïðåäñòàâëåí³ 
â òàáë. 4, ñâ³ä÷àòü ïðî çíà÷óùó ðîëü ìóòàö³é ó 
ãåíàõ BRCA1 òà BRCA2 ó ðîçâèòêó ñïàäêîâèõ 
ôîðì ðàêó ìîëî÷íî¿ çàëîçè òà/àáî ÿº÷íèê³â.

Ìóòàö³ÿ c.5266dup (p.Gln1756fs) â ãåí³ BRCA1 
âèÿâèëàñÿ ñòàòèñòè÷íî çíà÷óùîþ ç âèñîêèì 
ñï³ââ³äíîøåííÿì øàíñ³â (OR = 5,67) òà ìà-
ëèì p-value (<0,01). Ïîøèðåí³ñòü ñåðåä âèïàä-
ê³â çíà÷íî âèùà (4,13 %), ïîð³âíÿíî ç êîíòðî-
ëåì (0,74 %). 

Ìóòàö³ÿ c.181T>G (p.Cys61Gly) â ãåí³ 
BRCA1 ìàº ïîì³ðíèé çâ’ÿçîê ç îíêîëîã³÷íèìè 
âèïàäêàìè (OR = 4,76), õî÷à ¿¿ çíà÷óù³ñòü º 
ñòàòèñòè÷íî ìåæîâîþ (p-value <0,05). Ïîøèðå-
í³ñòü ñåðåä âèïàäê³â (1,19 %) ïåðåâèùóº êîíò-
ðîëü (0,25 %).

Äëÿ ìóòàö³é ó BRCA1, ñï³ââ³äíîøåííÿ øàíñ³â
ñêëàäàº 5,64 (95 % CI: 2,69–11,83), ùî ï³äòâåð-
äæóº ðîëü öüîãî ãåíà â ðîçâèòêó ðàêó ìîëî÷íî¿ 
çàëîçè òà ÿº÷íèê³â ó äîñë³äæóâàí³é ïîïóëÿö³¿.

²íø³ ìóòàö³¿ â BRCA2 äåìîíñòðóþòü âèñîêå 
ñï³ââ³äíîøåííÿ øàíñ³â (OR = 13,85) ³ º ñòà-
òèñòè÷íî çíà÷óùèìè (p-value <0,001).

Çàãàëîì ìóòàö³¿ BRCA2 ìàþòü ñï³ââ³äíî-
øåííÿ øàíñ³â 8,00 (95 % CI: 1,93–33,10), à PAR  
ñòàíîâèòü 4,47 %.

Äëÿ CHEK2, ñï³ââ³äíîøåííÿ øàíñ³â äëÿ ìó-
òàö³é öüîãî ãåíà ñòàíîâèòü 1,84 (95 % CI: 1,01–
3,34). Âàð³àíò c.470T>C ìàº òðîõè ìåíøèé 
âïëèâ (1,71) â³äíîñíî ³íøèõ ìóòàö³é (2,25), ùî 
âêàçóº íà ïîì³ðíèé çâ’ÿçîê ç ðîçâèòêîì ðàêó 
ìîëî÷íî¿ çàëîçè òà ÿº÷íèê³â. PAR äëÿ CHEK2 
äîð³âíþº 2,2 %.

Ìóòàö³¿ â ³íøèõ ãåíàõ ïîêàçàëè òàêîæ ñóò-
òºâèé âïëèâ íà ðîçâèòîê ðàêó ç OR = 4,16 (95 %
CI: 0,94–18,37) òà p-value = 0,06.

Çàãàëîì ìóòàö³¿ â ãåíàõ, ïîâ’ÿçàíèõ ç ðàêîì 
ìîëî÷íî¿ çàëîçè òà ÿº÷íèê³â, ïîêàçàëè âèñîêó 
ïîøèðåí³ñòü ñåðåä âèïàäê³â (21,38 %), ùî çíà÷-
íî ïåðåâèùóº êîíòðîëü (6,14 %) ç OR = 3,95 
òà p-value <0,001. PAR äëÿ âñ³õ ìóòàö³é ñòàíî-
âèòü 14,83 %.

Äëÿ àíàë³çó òåðèòîð³àëüíî¿ çàëåæíîñò³ òåðè-
òîð³þ Óêðà¿íè ìè óìîâíî ïîä³ëèëè íà 5 ðåã³îí³: 
Ñõ³ä, Çàõ³ä, Ï³âí³÷, Ï³âäåíü òà öåíòð.

Çã³äíî äàíèìè ç òàáë. 5, ðîçïîä³ë ìóòàö³é 
ñóòòºâî âàð³þº çàëåæíî â³ä ðåã³îíó. Íàéâèùà 
÷àñòîòà ìóòàö³é BRCA1 ³ BRCA2 ñïîñòåð³ãàº-
òüñÿ â Öåíòðàëüíîìó ðåã³îí³, òîä³ ÿê â Ñõ³ä-
íîìó òà Ï³âí³÷íîìó ðåã³îíàõ ¿õ ÷àñòîòà º ïî-
ì³ðíîþ. Ó Çàõ³äíîìó ðåã³îí³ çíà÷íà ÷àñòêà
ïðèïàäàº íà ìóòàö³¿ CHEK2 (9,57 %) òà ìóòà-
ö³¿ BRCA2 (10,64 %).Íà Ï³âäí³ ð³âåíü ìóòàö³é 
º íàéíèæ÷èì, çà âèíÿòêîì BRCA1 c.5266dup 

Òàáëèöÿ 3. ×àñòîòà âèÿâëåííÿ ìóòàö³é â çàãàëüí³é êîãîðò³ òà â³êîâèõ ãðóïàõ

Íàçâà
Çàãàëüíà 
ê³ëüê³ñòü 
ìóòàö³é

×àñòîòà
â êîãîðò³, 

%
Â³ê <40

×àñòîòà 
â ãðóï³ 
<40, %

Â³ê 
40–49

×àñòîòà 
â ãðóï³ 

40–49, %
â³ê >50

×àñòîòà
â ãðóï³ 
>50, %

Ê³ëüê³ñòü ïàö³ºíò³â
BRCA1
BRCA2
ATM
BARD1
CHEK2
BLM
MRE11
NBN
PALB2
TP53
XRCC2
Çàãàëüíà ÷àñòîòà

1090
102
42
5
4
67
1
1
3
2
4
2
–

–
9,36
3,85
0,46
0,37
6,15
0,09
0,09
0,27
0,18
0,37
0,18
21,37

340
45
11
–
2
23
–
–
–
–
1
1
–

–
13,23
3,23
–

0,59
6,76
–
–
–
–
0,3
–

24,41

427
44
20
3
1
20
2
1
1
2
1
–
–

–
10,3
4,68
0,7
0,23
4,68
0,47
0,23
0,23
0,47
0,23
–

22,25

323
12
11
2
1
24
–
–
2
–
1
–
–

–
3,71
3,4
0,62
0,31
7,43
–
–

0,62
–

0,31
–

16,4
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òà BRCA1 c.181T>G, ÿê³ çóñòð³÷àþòüñÿ ç ÷àñ-
òîòîþ 6,67 %.

Íàéïîøèðåí³øîþ ìóòàö³ºþ BRCA1 º c.5266dup
(p.Gln1756fs), ÿêà íàéá³ëüø ÷àñòî çóñòð³÷àºòü-
ñÿ â Öåíòðàëüíîìó ðåã³îí³ (8,70 %) òà Çàõ³äíî-
ìó (6,38 %).

²íø³ ìóòàö³¿ BRCA1 ïåðåâàæàþòü ó Öåíòðàëü-
íîìó ðåã³îí³ (17,39 %) ³ ñóòòºâî âïëèâàþòü íà çà-
ãàëüíèé ïîêàçíèê ìóòàö³é öüîãî ãåíà (3,49 %).

Íàéâèùèé â³äñîòîê ìóòàö³é BRCA2 ñïîñòå-
ð³ãàºòüñÿ â Öåíòðàëüíîìó ðåã³îí³ (34,78 %).

Íàéâèùà ÷àñòîòà CHEK2 c.470T>C (9,57 %) 
ñïîñòåð³ãàºòüñÿ ó Çàõ³äíîìó ðåã³îí³, c.1100del 
(p.Thr367fs) çóñòð³÷àºòüñÿ ïåðåâàæíî ó Ñõ³äíî-

ìó ðåã³îí³ (0,96 %), àëå ¿¿ ÷àñòîòà º íèçüêîþ ó 
âñ³õ ðåã³îíàõ. ²íø³ ìóòàö³¿ CHEK2 ïåðåâàæà-
þòü ó Ï³âí³÷íîìó ðåã³îí³ (1,11 %).

Ìóòàö³¿, ùî âõîäÿòü äî ãðóïè non-BRCA (çà 
âèíÿòêîì ãåíà CHEK2, ÿêèé ìè ðîçãëÿäàºìî 
îêðåìî), íàéïîøèðåí³ø³ â Ï³âí³÷íîìó (2,37 %) 
òà Ñõ³äíîìó (2,25 %) ðåã³îíàõ, ³ ìåíø âèðàæåí³ 
â Çàõ³äíîìó, Ï³âäåííîìó òà Öåíòðàëüíîìó ðå-
ã³îíàõ. Öå ìîæå âêàçóâàòè íà ¿õíþ ïîòåíö³éíó 
ðîëü ó ðîçâèòêó ñïàäêîâèõ ôîðì ÐÌÇ òà Ðß ó 
öèõ ðåã³îíàõ. Òàê³ ðåçóëüòàòè º ïåðñïåêòèâíè-
ìè äëÿ ïîäàëüøèõ äîñë³äæåíü, ñïðÿìîâàíèõ íà 
âèêîðèñòàííÿ äîñòóïí³øèõ ìåòîä³â ñêðèí³íãó 
äëÿ øèðîêèõ âåðñòâ íàñåëåííÿ.

Ðèñ. 2. Â³êîâ³ ïîêàçíèêè ïàö³ºíò³â, ç ìóòàö³ÿìè òà áåç ìóòàö³é

Ðèñ. 3. Ñåðåäí³é â³ê ïàö³ºíò³â ç ìóòàö³ÿìè â ãåíàõ BRCA1, BRCA2 òà CHEK2
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Ä. Íåãðóëÿ, Ä. Øàïî÷êà, Ä. Äåêàð òà ³í.

Òàáëèöÿ 4. Â³äíîñí³ òà àòðèáóòèâí³ ðèçèêè â ãåíàõ äîñë³äæåíèõ ìåòîäîì NGS

Ìóòàö³¿

Ê³ëüê³ñòü 
â âèïàä-
êàõ (N = 
= 1090)

Ïîøèðå-
í³ñòü ñåðåä 
âèïàäê³â 

(%)

Ê³ëüê³ñòü 
â êîíòðîë³ 
(N = 407)

Ïîøèðå-
í³ñòü ñåðåä 
êîíòðîëþ 

(%)

Ñï³ââ³ä-
íîøåííÿ 
øàíñ³â 
(OR)

95% CI p-value

Population 
Attributable 

Risk 
(PAR%)

BRCA1

c,5266dup 
(p,Gln1756fs)
c,181T>G 
(p,Cys61Gly)
²íø³ ìóòàö³¿ 
BRCA1

45 

13

44

4,13

1,19

4,04

3

1

3

0,74

0,25

0,74

5,67

4,76

5,51

(1,64–19,64)

(0,60–37,50)

(1,58–19,13)

<0,01

<0,05

<0,01

3,43

0,92

3,35

Çàãàëîì BRCA1

102 9,36 7 1,72 5,64 (2,69–11,83) <0,001 7,49

BRCA2

c,475+1G>T
²íø³ ìóòàö³¿ 
BRCA2

4
38

0,37
3,49

1
1

0,25
0,25

1,48
13,9

(0,15–14,56)
(1,89–101,55)

0,67
<0,001

0,14
4,36

Çàãàëîì BRCA2

42 3,86 2 0,49 8 (1,93–33,10) <0,001 4,47

CHEK2

c,470T>C 
(p,Ile157Thr)
²íø³ ìóòàö³¿ 
CHEK2

49

18

4,5

1,65

11

3

2,7

0,74

1,71

2,25

(0,85–3,46)

(0,64–7,87)

0,13

0,19

1,2

0,72

Çàãàëîì CHEK2

67 6,15 14 3,44 1,84 (1,01–3,34) 0,05 2,2

²íø³ ãåíè

22 2,02 2 0,49 4,16 (0,94–18,37) 0,06 1,42

Çàãàëîì ìóòàö³é

233 21,38 25 6,14 3,95 (2,55–6,10) <0,001 14,83

Òàáëèöÿ 5. Ðåã³îíàëüíèé ðîçïîä³ë ìóòàö³é â ïîïóëÿö³¿ óêðà¿íñüêèõ æ³íîê

Ðåã³îí
Ê³ëüê³ñòü 
ïàö³ºíò³â

BRCA1 (%)
Ìóòàö³¿ 

BRCA2 (%)

CHEK2 (%)
Ìóòàö³¿ â ³í-
øèõ ãåíàõ (%)

c.5266dup c.181T>G 
³íø³ 

ìóòàö³¿
c.470T>C c.1100del 

³íø³ 
ìóòàö³¿

Ñõ³ä
Ï³âäåíü
Ï³âí³÷
Çàõ³ä
Öåíòð
Çàãàëîì

311
30
632
94
23

1090

3,22
6,67
3,96
6,38
8,7
4,12

–
6,67
1,74
–
–

1,19

2,89
6,67
3,48
7,45
17,39
3,49

–
–
3,8

10,64
34,78
3,49

2,57
–

5,06
9,57
–
4,5

0,96
–

0,32
–
–

0,46

1,93
–

1,11
–
–

1,19

2,25
–

2,37
–
–

2,02
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Îáãîâîðåííÿ. Ìîëåêóëÿðí³ øëÿõè çëîÿê³ñ-
íî¿ òðàíñôîðìàö³¿ â Ðß, âêëþ÷àþ÷è åï³òåë³é 
ÿº÷íèê³â, ôàëëîï³ºâî¿ òðóáè, åíäîìåòð³ÿ òà
åíäîöåðâ³êñó, çàëèøàþòüñÿ íå äî ê³íöÿ ç’ÿñî-
âàíèìè (Lynch et al., 2013). 

Ðàê ìîëî÷íî¿ çàëîçè ðîçâèâàºòüñÿ â ðå-
çóëüòàò³ íàÿâíîñò³ ñïàäêîâèõ ìóòàö³é â òàêèõ 
ãåíàõ ÿê BRCA1, BRCA2, CHEK2 òà TP53, à 
òàêîæ çì³í ó ñèãíàëüíèõ øëÿõàõ, ùî ðåãóëþ-
þòü ïðîë³ôåðàö³þ, àïîïòîç ³ àíã³îãåíåç.

×àñòîòà ìóòàö³é ìàº òåíäåíö³þ äî çíèæåí-
íÿ ç³ çá³ëüøåííÿì â³êó, ùî º î÷³êóâàíèì, îñ-
ê³ëüêè ó íîñ³¿â ñïàäêîâèõ ìóòàö³é â äîñë³äæó-
âàíèõ ãåíàõ ðàê ðîçâèâàºòüñÿ â ñóòòºâî ìîëîä-
øîìó â³ö³ í³æ ñïîðàäè÷í³ ôîðìè ðàêó, â³äïî-
â³äíî é äîëÿ ïàö³ºíò³â ç ìóòàö³ÿìè â äàíèõ 
ãåíàõ áóäå âèùîþ ó ìîëîäèõ ïàö³ºíò³â.

Ãåí BRCA1 ðîçòàøîâàíèé íà 17q õðîìîñîì³ 
³ ì³ñòèòü 24 åêçîíè. Éîãî RING-äîìåí óòâî-
ðþº êîìïëåêñ ³ç BARD1, àêòèâóþ÷è óá³êâ³òèí-
ïðîòå¿í ë³ãàçè äëÿ äåãðàäàö³¿ á³ëê³â-ì³øåíåé, 
òàêèõ ÿê CtIP ³ H2A Brzovic et al., 2001, Ma et 
al., 2010, Zhu et al., 2011). BRCT-äîìåí BRCA1 
âçàºìîä³º ç á³ëêàìè, ôîñôîðèëüîâàíèìè ATM 
àáî ATR (Mohammad and Yaffe, 2009). Ìóòàö³¿ 
BRCT ïîðóøóþòü ôóíêö³þ BRCA1 ó ðîçï³çíà-
âàíí³ ïîøêîäæåíèõ ä³ëÿíîê ÄÍÊ (Clapperton 
et al., 2004).

Ãåí BRCA2, ùî ðîçòàøîâàíèé íà 13q õðî-
ìîñîì³ ³ ì³ñòèòü 27 åêçîí³â, çàëó÷àº RAD51 
äî îäíîíèòêîâî¿ ÄÍÊ äëÿ ôîðìóâàííÿ D-ïåò-
ë³. RAD51 çâ’ÿçóºòüñÿ ç BRCA2 ÷åðåç BRC-
ïîâòîðè ³ C-ê³íöåâèé äîìåí (Holloman, 2011, 
Roy et al., 2011). 

BRCA1 ³ BRCA2 çàëó÷åí³ äî ãîìîëîã³÷íî¿ 
ðåêîìá³íàö³¿ äëÿ â³äíîâëåííÿ äâîëàíöþãîâèõ 
ðîçðèâ³â ÄÍÊ (ÄÐÄ). Íåâèïðàâëåí³ ÄÐÄ ñïðè-
ÿþòü ãåíîìí³é íåñòàá³ëüíîñò³, ùî ñïðèÿº 
êàíöåðîãåíåçó (Jackson and Bartek, 2009). ATM 
³ ATR ê³íàçè ðîçï³çíàþòü ïîøêîäæåííÿ ÄÍÊ, 
àêòèâóþ÷è CHK2 ³ BRCA1. BRCA1 çàëó÷àº 
BRCA2 ³ RAD51 äî ì³ñöü ïîøêîäæåííÿ, ³í³-
ö³þþ÷è ðåïàðàö³þ (Roy et al., 2011).

Â íàø³é êîãîðò³ áóëî âèÿâëåíî äîñèòü 
íèçüêó ÷àñòîòó ìóòàö³é ãåí³ PALB2 (%) ïîð³â-
íÿíî ç ³íøèìè ªâðîïåéñüêèìè ïîïóëÿö³ÿìè. 
PALB2 êîäóº á³ëîê, ÿêèé âçàºìîä³º ç BRCA2 ³ 
äîïîìàãàº ðåêðóòóâàòè BRCA2 äî ì³ñöü ïîø-
êîäæåííÿ ÄÍÊ (Wu et al., 2020). Ìóòàö³¿ PALB2 
ï³äâèùóþòü ðèçèê ðàêó ìîëî÷íî¿ çàëîçè (35 % 

äî 70 ðîê³â) (Kleibl and Kristensen, 2016, Anto-
niou et al., 2014). Ðàê ìîëî÷íî¿ çàëîçè ó íîñ³¿â 
ìóòàö³é PALB2 ÷àñò³øå º òðè÷³ íåãàòèâíèì ³ç 
âèñîêèì ðèçèêîì ðîçâèòêó êîíòðàëàòåðàëüíî-
ãî ðàêó (Piccinin et al., 2019, Yadav et al., 2023, 
Shimelis et al., 2018).

TP53 êîäóº á³ëîê ð53, ÿêèé ðåãóëþº êë³-
òèííèé öèêë ³ àïîïòîç. Ó æ³íîê ³ç ìóòàö³ºþ 
TP53 ðàê ìîëî÷íî¿ çàëîçè íàé÷àñò³øå âèíèêàº 
äî 50 ðîê³â (Kwong et al., 2016, Birch et al., 1998, 
Sidransky et al., 1992).

Ãåíåòè÷í³ ìóòàö³¿ ç íèçüêîþ ÷àñòîòîþ ìî-
æóòü â³ä³ãðàâàòè äîäàòêîâó ðîëü ó ðîçâèòêó çà-
õâîðþâàííÿ, ïðîòå ¿õí³é âíåñîê ïîòðåáóº ïî-
äàëüøîãî äîñë³äæåííÿ. 

Ó ãðóï³ <40 ðîê³â ñïîñòåð³ãàºòüñÿ íàéá³ëü-
øà ð³çíîìàí³òí³ñòü ìóòàö³é. Ó ñòàðøèõ â³êîâèõ 
ãðóïàõ (40–49 ³ >50 ðîê³â) äîì³íóþòü ìóòàö³¿ â 
BRCA2 òà CHEK2, ³íø³ ãåíè ìåíø ïðåäñòàâëåí³. 

Çã³äíî äàíèìè íàâåäåíèìè â òàáë. 4, ìóòà-
ö³ÿ c.5266dup ìàº ñèëüíó àñîö³àö³þ ç ðîçâèò-
êîì ðàêó ìîëî÷íî¿ çàëîçè òà/àáî ÿº÷íèê³â. 
Çàãàëüíà ïîøèðåí³ñòü ñåðåä âèïàäê³â äîñÿãàº 
9,36 %, ùî º çíà÷íèì ïîð³âíÿíî ç êîíòðî-
ëåì (1,72 %).

Ìóòàö³¿ â ãåí³ BRCA2 ñêëàäí³øå ï³ääàþòüñÿ 
ñòàòèñòè÷íîìó àíàë³çó ÷åðåç ñïåöèô³÷í³ îñîá-
ëèâîñò³ ¿õ ïðîÿâó. Îñíîâíîþ ïðè÷èíîþ öüîãî 
º âåëèêà ê³ëüê³ñòü ìóòàö³é, á³ëüø³ñòü ç ÿêèõ º 
óí³êàëüíèìè. Òîìó ìè âèð³øèëè îö³íþâàòè 
ìóòàö³¿ â ãåí³ BRCA2 êîìïëåêñíî. PAR äëÿ 
BRCA2 ñòàíîâèòü 4,47 %, ùî ñâ³ä÷èòü ïðî 
âåëèêèé âêëàä öüîãî ãåíà â ãåíåòè÷íó ñõèëü-
í³ñòü äî ðàêó ìîëî÷íî¿ çàëîçè òà ÿº÷íèê³â.

Õî÷à ó íàøèõ ðåçóëüòàòàõ ìè íå íàâîäèìî 
îêðåìèõ ñòàòèñòè÷íèõ äàíèõ äëÿ non-BRCA 
ãåí³â, âñå æ ââàæàºìî çà íåîáõ³äíå â³äçíà÷èòè 
¿õ çíà÷åííÿ. Ìóòàö³¿ â non-BRCA ãåíàõ àñî-
ö³þþòüñÿ ç³ ñòàòèñòè÷íî çíà÷óùèì ï³äâèùåí-
íÿì ðèçèêó ðîçâèòêó çàõâîðþâàííÿ, ïðî ùî 
ñâ³ä÷àòü OR (2,5) ³ p-value (<0,01). Ïîïðè òå, 
ùî ðèçèê äëÿ íîñ³¿â òàêèõ ìóòàö³é º íèæ÷èì 
ïîð³âíÿíî ç BRCA1/2, ¿õ âíåñîê ó çàãàëüíó 
çàõâîðþâàí³ñòü (4,89 % PAR) çàëèøàºòüñÿ âà-
ãîìèì. Öå ï³äêðåñëþº âàæëèâ³ñòü âðàõóâàííÿ 
öèõ ìóòàö³é ó êîíòåêñò³ êîìïëåêñíîãî ãåíåòè÷-
íîãî òåñòóâàííÿ.

Íàéâèùà ÷àñòîòà ìóòàö³é ñåðåä óñ³õ àíàë³-
çîâàíèõ ãåí³â ñïîñòåð³ãàºòüñÿ â Öåíòðàëüíîìó 
ðåã³îí³ (çîêðåìà BRCA1 òà BRCA2). Öå âêàçóº 
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íà íàéá³ëüøå çíà÷åííÿ ãåíåòè÷íîãî ñêðèí³íãó 
ñàìå ó öüîìó ðåã³îí³.

Ó Çàõ³äíîìó ðåã³îí³ ñïîñòåð³ãàºòüñÿ ïîì³òíî 
âèùà ÷àñòîòà ìóòàö³é ãåíà CHEK2, ùî óçãîä-
æóºòüñÿ ç äàíèìè ïîïåðåäí³õ äîñë³äæåíü ó 
êðà¿íàõ, ðîçòàøîâàíèõ íà çàõ³ä â³ä Óêðà¿íè. 
Îñîáëèâî âèñîêà ÷àñòîòà öèõ ìóòàö³é õàðàê-
òåðíà äëÿ Ïîëüù³.

Ïîð³âíþþ÷è îòðèìàí³ ðåçóëüòàòè ç äîñë³ä-
æåííÿìè, ïðîâåäåíèìè â ñóñ³äí³õ äî Óêðà¿íè 
êðà¿íàõ, ìîæíà â³äçíà÷èòè íàñòóïíå: ìóòàö³ÿ-
çàñíîâíèê ó ãåí³ BRCA1 c.5266dup (5382insC, 
p.Gln1756ProfsTer74) º íàéïîøèðåí³øîþ ñåðåä 
âèâ÷åíèõ ìóòàö³é BRCA1 ó âñ³õ ïîð³âíþâàíèõ 
ïîïóëÿö³ÿõ. Â Óêðà¿í³ ¿¿ ÷àñòîòà ñòàíîâèòü 
4,13 % (45/1090), ùî º íèæ÷îþ, í³æ ó Á³ëî-
ðóñ³ (9,82 %), àëå âèùîþ, í³æ ó Ðîñ³¿ (3,37 %), 
Ïîëüù³ (2,85 %) òà Ñëîâà÷÷èí³ (1,24 %). 

×àñòîòà ìóòàö³¿ BRCA1 c.181T>G (p.Cys61Gly) 
â Óêðà¿í³ ñòàíîâèòü 1,19 % (13/1090), ùî º äå-
ùî âèùèì ïîêàçíèêîì, í³æ ó Ïîëüù³ (0,94 %) 
òà Ðîñ³¿ (0,48 %), àëå ïîä³áíèì äî Ñëîâà÷÷èíè 
(1,76 %). Öÿ ìóòàö³ÿ â³äñóòíÿ ñåðåä á³ëîðóñüêèõ 
ïàö³ºíò³â ó ïðåäñòàâëåí³é âèá³ðö³.

Â Óêðà¿í³ ÷àñòîòà ìóòàö³¿ BRCA1 c.4035del 
(4153delA, p.Glu1346LysfsTer20) íèçüêà (0,46 %,
5/1090), îäíàê ó Á³ëîðóñ³ âîíà º çíà÷íî âè-
ùîþ (6,32%) ó ïîð³âíÿíí³ ç ³íøèìè êðà¿íàìè 
(Ïîëüùà – 0,13 %, Ðîñ³ÿ – 0,48 %). Òàêèé ðå-
ã³îíàëüíèé äèñáàëàíñ ìîæå ñâ³ä÷èòè ïðî åôåêò 
çàñíîâíèêà ó á³ëîðóñüê³é ïîïóëÿö³¿. 

Ãåí CHEK2 ðîçòàøîâàíèé íà 22 õðîìîñîì³, 
â³í àêòèâóº øëÿõ ATM-CHK2-p53 ó â³äïîâ³äü 
íà ÄÐÄ. Éîãî ìóòàö³¿ ï³äâèùóþòü ðèçèê ðàêó 
ìîëî÷íî¿ çàëîçè, ïðîñòàòè, íèðîê ³ òîâñòîãî 
êèøå÷íèêà. Âàð³àíò CHEK2 1100delC íàéïî-
øèðåí³øèé ñåðåä ºâðîïåéö³â ³ çá³ëüøóº ðèçèê 
ðàêó ìîëî÷íî¿ çàëîçè â 3–5 ðàç³â (Apostolou 
and Papasotiriou, 2017, Caswell-Jin et al., 2018, 
Cybulski et al., 2011, Nurmi et al., 2019). CHEK2 
I157T ïîâ’ÿçàíèé ³ç ï³äâèùåíèì ðèçèêîì ëî-
áóëÿðíîãî ðàêó ìîëî÷íî¿ çàëîçè (Cai et al., 
2009, Kilpivaara et al., 2004, Liu et al., 2012, 
Cybulski et al., 2009).

Ìóòàö³ÿ CHEK2 c.470T>C (p.Ile157Thr) º 
äîñèòü ïîøèðåíîþ ó ïîïóëÿö³ÿõ Óêðà¿íè 
(4,50 %, 49/1090) òà Ïîëüù³ (5,62 %, 132/2349). 
Â ³íøèõ êðà¿íàõ äàí³ ùîäî äîñë³äæåííÿ ö³º¿ 
ìóòàö³¿ íå ïðåäñòàâëåí³. Âèñîêà ÷àñòîòà ìóòàö³¿ 
â Óêðà¿í³ òà Ïîëüù³ ìîæå âêàçóâàòè íà ¿¿ âàæ-

ëèâó ðîëü ÿê ôàêòîðó ðèçèêó ñåðåä íàñåëåííÿ 
öèõ êðà¿í.

×àñòîòà ö³º¿ ìóòàö³¿ CHEK2 c.1100del 
(p.Thr367fs) â Óêðà¿í³ ñòàíîâèòü 0,46 % (5/1090), 
ùî º ïîä³áíèì äî Ïîëüù³ (0.47%), àëå íèæ÷èì 
ó ïîð³âíÿíí³ ç Ðîñ³ºþ (1,20 %). Öå ñâ³ä÷èòü 
ïðî ïåâí³ ãåíåòè÷í³ â³äì³ííîñò³ ì³æ ïîïóëÿö³-
ÿìè (Gronwald et al., 2023, Gorski et al., 2005, 
Savanevich et al., 2021, Savanevich et al., 2014, 
Nasedkina et al., 2014, Shumilova et al., 2024, 
Konecny et al., 2021, Konecny et al., 2011)

Àíàë³çóþ÷è ïðîô³ëü ìóòàö³é ó ãåí³ CHEK2 
â ð³çíèõ êðà¿íàõ ñâ³òó, ìîæíà â³äçíà÷èòè, ùî 
âàð³àíò 1100delC º á³ëüø ïîøèðåíèì ñåðåä 
ïàö³ºíò³â ³ç ðàêîì ìîëî÷íî¿ çàëîçè (ÐÌÇ) 
ó ÑØÀ (1,1 %), Í³ìå÷÷èí³ (1,4 %), Áðàçèë³¿ 
(1,7 %) òà Ðîñ³¿ (2,7 %). Íàòîì³ñòü â Óêðà¿í³ 
(0,5 %), Àâñòðàë³¿ (0,6 %) òà Øâåö³¿ (0,7 %) 
÷àñòîòà öüîãî âàð³àíòà º íèæ÷îþ, à ó ïîïóëÿö³¿ 
²ñïàí³¿ öåé âàð³àíò âçàãàë³ íå âèÿâëåíèé, ùî 
º õàðàêòåðíîþ îñîáëèâ³ñòþ äëÿ ö³º¿ ãðóïè (Ma-
teus Pereira et al., 2004, Jekimovs et al., 2005, 
Osorio et al., 2004, Rashid et al., 2005, Margolin 
et al., 2007, Abud et al., 2012, Chekmariova et 
al., 2006).

Ìóòàö³ÿ c.470T>C áóëà âèÿâëåíà â óêðà¿íñü-
ê³é ïîïóëÿö³¿ (4,55 %), ñåðåä ºâðå¿â àøêåíàç³ 
(1,2 %) òà â Ïîëüù³ (5,6 %), ùî ñâ³ä÷èòü ïðî 
¿¿ ðåã³îíàëüíó ñïåöèô³÷í³ñòü ³ ìîæëèâèé åôåêò 
çàñíîâíèêà â öèõ ïîïóëÿö³ÿõ (Laitman et al., 
2007, Gronwald et al., 2023, Gorski et al., 2005).

Âèñíîâêè. Íàìè áóëî ïðîâåäåíî ìàñøòàá-
íå ïîïóëÿö³éíå ãåíåòè÷íå äîñë³äæåííÿ (N = 
= 1090) ÷àñòîòè ñïàäêîâèõ ìóòàö³é ó ïîïóëÿö³¿ 
ïàö³ºíò³â ç ÐÌÇ òà Ðß, àíàë³ç ¿õ â³êîâîãî òà 
ðåã³îíàëüíîãî ðîçïîä³ëó. Çàãàëüíà ÷àñòîòà ìó-
òàö³é â êîãîðò³ ñêëàëà 21,37 %. Íàéâèùà ÷àñ-
òîòà ìóòàö³é ñïîñòåð³ãàºòüñÿ ó ãðóï³ â³êîì <40 
ðîê³â (24,41 %), ïîñòóïîâî çìåíøóþ÷èñü ç â³-
êîì: ó â³êîâ³é ãðóï³ 40–49 ðîê³â ÷àñòîòà ñòàíî-
âèòü 22,25 %, ó ãðóï³ >50 ðîê³â âîíà íàéíèæ-
÷à – 16,4 %. Íàéá³ëüøà ê³ëüê³ñòü ìóòàö³é ïðè-
ïàäàº íà BRCA1 (N = 102; 9,36 %), CHEK2 
(N = 67; 6,15 %) òà BRCA2 (N = 42; 3,85 %). 
Îêð³ì öüîãî, áóëè âèÿâëåí³ òàêîæ ìóòàö³¿ â 
ãåíàõ ATM, BARD1, BLM, MRE11, NBN, PALB2, 
TP53 òà XRCC2. Ó äîñë³äæóâàí³é íàìè ãðóï³ íå 
áóëî âèÿâëåíî ìóòàö³é â ãåíàõ: APC, BRIP1, 
MEN1, RNF139, CDH1, MITF, PMS2, SMAD4, 
BAP1, CDK4, MLH1, POLD1, STK11, CDKN2A, 
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POLE, MSH2, PTEN, BMPR1A, EPCAM, MSH6, 
RAD50, FAM175A, MUTYH, RAD51C, GREM1, 
RAD51D.

Äëÿ ãåíà BRCA1 áóëà âèÿâëåíà íàéñèëüí³-
øà àñîö³àö³ÿ ç ìîëîäèì â³êîì ïàö³ºíòîê, ùî 
ðàçîì ç âèñîêèì ïîêàçíèêîì ñï³ââ³äíîøåííÿ 
ðèçèê³â (OR = 5,64) ï³äòâåðäæóº éîãî íàéâàæ-
ëèâ³øó ðîëü â ñòðóêòóð³ ñïàäêîâîãî ÐÌÇ òà Ðß. 
Á³ëüøå ïîëîâèíè âñ³õ íîñ³¿â ìóòàö³é BRCA1 
ìàëè ìóòàö³¿ c.5266dup (p.Gln1756fs) (N = 
= 45), c.181T>G (p.Cys61Gly) (N = 13), c.1510del 
(p.Arg504fs) (N = 6), c.4035del (p.Glu1346fs) (N =
= 5), ùî â³äêðèâàº ìîæëèâîñò³ äëÿ ðîçðîáêè 
ñïåöèô³÷íèõ äëÿ Óêðà¿íè ÏËÐ ïàíåëåé äëÿ âè-
ÿâëåííÿ öèõ íàéïîøèðåí³øèõ ìóòàö³é. 

Äëÿ ãåíà BRCA2, íà â³äì³íó â³ä BRCA1 
õàðàêòåðíà âåëèêà ð³çíîìàí³òí³ñòü ìóòàö³é, ÿê³ 
çóñòð³÷àëèñü â 1–2 âèïàäêàõ ó íàø³é êîãîðò³ ³ 
ëèøå c.475+1G>T áóëà âèÿâëåíà ó 4 ïàö³ºí-
ò³â. Òàêîæ ó íîñ³¿â ìóòàö³é â ãåí³ BRCA2 áóëà 
ìåíø âèðàæåíà àñîö³àö³ÿ ç ìîëîäèì â³êîì 
ïàö³ºíò³â ïîïðè âèñîêèé ïîêàçíèê ñï³ââ³äíî-
øåííÿ ðèçèê³â (OR = 8).

Ïîïðè âèñîêó ÷àñòîòó ìóòàö³¿ CHEK2, âîíè 
àñîö³þþòüñÿ ç ïîì³ðíèì ðèçèêîì ðîçâèòêó 
ðàêó (OR = 1,84). Äëÿ ìóòàö³é CHEK2, ÿê ³ äëÿ 
BRCA1 áóëî õàðàêòåðíèì ïðåâàëþâàííÿ ïåâíèõ
âàð³àíò³â, à ñàìå c.470T>C (p.Ile157Thr) (N = 49),
c.444+1G>A (N = 6), c.1100del (p.Thr367fs) (N =
= 5). Âàæëèâî, ùî íàÿâí³ êîìåðö³éí³ ÏËÐ 
òåñò-ñèñòåìè íå âêëþ÷àþòü ïðàéìåðè äëÿ âè-
ÿâëåííÿ äàíèõ ìóòàö³¿, òîìó ¿õ ðîçðîáêà ìîæå 
îïòèì³çóâàòè ãåíåòè÷íèé ñêðèí³íã â Óêðà¿í³. 
Òàêîæ ö³êàâîþ åòíî-ãåîãðàô³÷íîþ îñîáëèâ³ñ-
òþ ìóòàö³é CHEK2 áóëî ¿õ íèçüêà ÷àñòîòà â 
ñõ³äíèõ òà ï³âäåííèõ ðåã³îíàõ ³ ïðåâàëþâàííÿ 
â çàõ³äí³é Óêðà¿íè, ùî â³äîáðàæàº ¿õ ñï³ëüíó 
³ñòîð³þ ç Ïîëüøåþ, äå ÷àñòîòà äàíèõ ìóòàö³¿ 
º ñï³âñòàâíîþ. ×àñòîòà æ ìóòàö³é BRCA1/2, 
îñîáëèâî íàéïîøèðåí³øèõ ìóòàö³é áóëà á³ëü-
øà â öåíòðàëüíèõ ðåã³îíàõ êðà¿íè ³ ìîæå ñâ³ä-
÷èòè ïðî á³ëüøó ïðèñóòí³ñòü ªâðå¿â Àøêåíàç³ 
â öèõ ðåã³îíàõ, áî ñàìå ç ö³º¿ åòí³÷íî¿ ãðóïè 
ïîõîäèòü á³ëüøà ÷àñòèíà ïîøèðåíèõ ìóòàö³é 
BRCA1. ²íø³ non-BRCA íàéïîøèðåí³ø³ â Ï³â-
í³÷íîìó (2,37 %) òà Ñõ³äíîìó (2,25 %) ðåã³îíàõ, 
³ ìåíø ïîøèðåí³ â Çàõ³äíîìó, Ï³âäåííîìó òà 
Öåíòðàëüíîìó ðåã³îíàõ. Öå ìîæå âêàçóâàòè íà 
¿õíþ ïîòåíö³éíó ðîëü ó ðîçâèòêó ñïàäêîâèõ 
ôîðì ÐÌÇ òà Ðß ó öèõ ðåã³îíàõ. Òàê³ ðåçóëüòà-

òè º ïåðñïåêòèâíèìè äëÿ ïîäàëüøèõ äîñë³ä-
æåíü, ñïðÿìîâàíèõ íà âèêîðèñòàííÿ äîñòóïí³-
øèõ ìåòîä³â ñêðèí³íãó äëÿ øèðîêèõ âåðñòâ 
íàñåëåííÿ.

Ö³ äàí³ â ïîäàëüøîìó ìîæíà òðàíñëþâàòè â 
ðîçðîáêó â³ò÷èçíÿíèõ, ñïåöèô³÷íèõ äëÿ Óêðà¿-
íè ÏËÐ ïàíåëåé äëÿ ïåðâèííîãî ãåíåòè÷íîãî 
ñêðèí³íãó ëþäåé âèñîêî¿ ãðóïè ðèçèêó íîñ³é-
ñòâà ìóòàö³é, à òàêîæ äëÿ òåñòóâàííÿ ðîäè÷³â 
íîñ³¿â ðîçïîâñþäæåíèõ â óêðà¿íñüê³é ïîïó-
ëÿö³¿ ìóòàö³é.

Äîòðèìàííÿ åòè÷íèõ ñòàíäàðò³â. Êîì³ñ³ÿ ç 
á³îåòèêè ²íñòèòóòó ìîëåêóëÿðíî¿ á³îëîã³¿ ³ ãåíå-
òèêè ÍÀÍ Óêðà¿íè, ïðîòîêîë çàñ³äàííÿ ¹ 44
â³ä 18.03.2025, ðîçãëÿíóëà ìàòåð³àëè äëÿ íàó-
êîâî¿ ïóáë³êàö³¿. Íà ï³äñòàâ³ âñ³õ ðîçãëÿíóòèõ 
ìàòåð³àë³â Êîì³ñ³ÿ ç á³îåòèêè ï³äòâåðäæóº, ùî
ïðîâåäåíå íàóêîâå äîñë³äæåííÿ â³äïîâ³äàº åòè÷-
íèì íîðìàì, à òàêîæ íàäàº äîçâ³ë íà ïóáë³êà-
ö³þ â íàóêîâîìó æóðíàë³.
Êîíôë³êò ³íòåðåñ³â. Àâòîðè äåêëàðóþòü â³äñóò-
í³ñòü êîíôë³êòó ³íòåðåñ³â.
Ô³íàíñóâàííÿ. Äîñë³äæåííÿ ïðîâåäåíî áåç çîâ-
í³øíüîãî ô³íàíñóâàííÿ, çà ³í³ö³àòèâîþ ïàö³-
ºíò³â, ÿê³ ñàìîñò³éíî éîãî ïðîô³íàíñóâàëè.
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The study of mutations associated with the syndrome 
of hereditary breast and ovarian cancer is extremely 
important for understanding genetic risks among the 
Ukrainian female population. In this work, we conducted 
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an NGS assay of mutations in genes associated with 
the syndrome of hereditary breast and ovarian cancer 
in 1090 women who had indications for testing and 
407 women in the control group. As a result of the 
study, 233 patients with mutations were identified, 
which included 84 unique variants. The largest number 
of mutations was recorded in the BRCA1 (102), BRCA2 
(42) and CHEK2 (67) genes. In the BRCA1 gene, the 
most frequently detected are: c.5266dup (p.Gln1756fs) –
45 cases, c.181T>G (p.Cys61Gly) – 13, c.1510del 
(p.Arg504fs) – 6, c.4035del (p.Glu1346fs) – 5. The 
BRCA1 gene is a key risk factor for cancer development 
at a young age, while CHEK2 is more often associated 
with oncology at an older age. The Population Attri-
butable Risk (PAR) for BRCA1 is 7.49 %, which makes 
this gene a major risk factor. The odds ratio for CHEK2 
mutations is 1.84 (95 % CI: 1.01–3.34), and the PAR is 
2.2 %. The highest frequency of mutations (BRCA1 and 
BRCA2) was recorded in the Central region of Ukraine. 
We have conducted the first large-scale population ge-
netic study of the prevalence of hereditary mutations 
associated with the syndrome of hereditary breast and 
ovarian cancer in Ukraine, determining the frequency 
of the most common mutations in the study and match 
cohort. 
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