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Àêòóàëüíîñòü. Ãåí BLM êîäèðóåò áåëîê, êîòîðûé îòíîñèòñÿ ê êëàññó RecQ-õåëèêàç, ó÷àñòâóåò â ïîääåðæàíèè ñòàáèëüíî-
ñòè ãåíîìà. Â ñëó÷àå ãîìîçèãîòíîãî èëè êîìïàóíä-ãåòåðîçèãîòíîãî íîñèòåëüñòâà ìóòàöèé â ãåíå BLM ðàçâèâàåòñÿ ðåäêîå
àóòîñîìíî-ðåöåññèâíîå çàáîëåâàíèå — ñèíäðîì Áëóìà, ïðè êîòîðîì çíà÷èòåëüíî ïîâûøàåòñÿ ðèñê ðàçâèòèÿ îíêîëîãè÷å-
ñêèõ çàáîëåâàíèé. Öåëü: Ïîèñê ìóòàöèé â ãåíå BLM ó ïàöèåíòîâ ñ ðàêîì ïðåäñòàòåëüíîé æåëåçû. Ìàòåðèàëû è ìåòîäû. Ïðî-
àíàëèçèðîâàíî 124 îáðàçöà ÄÍÊ, âûäåëåííûõ èç ïåðèôåðè÷åñêîé êðîâè áîëüíûõ ñ àäåíîêàðöèíîìîé ïðîñòàòû èç Ðåñïóáëè-
êè Áàøêîðòîñòàí. Â ðàáîòå ïðèìåíÿëèñü ñëåäóþùèå ìåòîäû: âûäåëåíèå ÄÍÊ èç ïåðèôåðè÷åñêîé êðîâè ìåòîäîì ôåíîëü-
íî-õëîðîôîðìíîé ýêñòðàêöèè, ïîëèìåðàçíàÿ öåïíàÿ ðåàêöèÿ; àíàëèç êðèâûõ ïëàâëåíèÿ ñ âûñîêîé ðàçðåøàþùåé ñïîñîáíî-
ñòüþ (HRM); ïðÿìîå ñåêâåíèðîâàíèå. Ôóíêöèîíàëüíóþ çíà÷èìîñòü âûÿâëåííûõ èçìåíåíèé îöåíèâàëè ñ èñïîëüçîâàíèåì
ïðîãðàìì SIFT, PolyPhen-2, Mutation Assessor, Mutation Taster, CADD. Ðåçóëüòàòû. Ó ïàöèåíòîâ ñ ðàêîì ïðåäñòàòåëüíîé æåëå-
çû îáíàðóæåíî 4 ìèññåíñ-ìóòàöèè (c.C1237A (p.L413I), c.A1490C (p.Q497R), c.C2603T (p.P868L), c.G3961A (p.V1321I) è ðÿä
ñèíîíèìè÷íûõ çàìåí (ñ.G3102A (p.T1034T), c.C3531A (p.A1177A)).
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Background: BLM gene belongs to the RecQ helicase family and has been implicated in the maintenance of genomic stability. Ho-
mozygous and compound heterozygous BLM gene mutations cause Bloom syndrome, an inherited recessive clinical syndrome,
which is characterized by chromosomal instability and a predisposition to cancer. The aim: To reveal BLM gene mutations in prostate
cancer patients. Methods: We analyzed 124 DNA samples of prostate cancer patients from the Republic of Bashkortostan and used
the following methods: the DNA isolation from peripheral blood by phenol-chloroform extraction; polymerase chain reaction (PCR);
high resolution melting (HRM) analysis; direct sequencing. The functional significance of the mutations was analyzed using the follow-
ing programs: SIFT, PolyPhen-2, Mutation Assessor, Mutation Taster, CADD. Results: We revealed 4 missence mutations (c.C1237A
(p.L413I), c.A1490C (p.Q497R), c.C2603T (p.P868L), c.G3961A (p.V1321I) and several synonymous variants (ñ.G3102A (p.T1034T),
c.C3531A (p.A1177A)) in the BLM gene.
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Ââåäåíèå

Ðàê ïðåäñòàòåëüíîé æåëåçû (ÐÏÆ) — îäíî èç íàèáî-
ëåå ÷àñòî âñòðå÷àþùèõñÿ çëîêà÷åñòâåííûõ íîâîîáðàçî-
âàíèé ìóæñêîãî íàñåëåíèÿ âî âñåì ìèðå [1]. Ñóùåñòâåí-
íûì ôàêòîðîì ðèñêà ðàçâèòèÿ ÐÏÆ ÿâëÿåòñÿ ãåíåòè÷å-
ñêàÿ ïðåäðàñïîëîæåííîñòü. Èçâåñòíî, ÷òî ðåäêèå ìóòà-
öèè â ãåíàõ HOXB13, BRCA2 BRCA1, CHEK2, NBS1 è
BRIP1/FANCJ âíîñÿò âêëàä â ðàçâèòèå ÐÏÆ [2—5]. Êðî-
ìå òîãî, ÐÏÆ ìîæåò áûòü àññîöèèðîâàí ñ ðåäêèìè
àóòîñîìíî-ðåöåññèâíûìè ñèíäðîìàìè, îáóñëîâëåííû-
ìè ãîìîçèãîòíûìè èëè êîìïàóíä-ãåòåðîçèãîòíûìè ìó-

òàöèÿìè â ãåíàõ, âîâëå÷åííûõ â ðåïàðàöèþ ÄÍÊ, îäíèì
èç êîòîðûõ ÿâëÿåòñÿ ñèíäðîì Áëóìà, õàðàêòåðèçóþùèé-
ñÿ âûñîêîé ÷àñòîòîé ðàçðûâîâ è ïåðåñòðîåê â õðîìîñî-
ìàõ ÷åëîâåêà, ÷òî ìîæåò óâåëè÷èâàòü ðèñê ðàçâèòèÿ îí-
êîëîãè÷åñêèõ çàáîëåâàíèé [6]. Ñóùåñòâóåò ìíîæåñòâî
äàííûõ, êîòîðûå äîêàçûâàþò òî, ÷òî ãåòåðîçèãîòíîå íî-
ñèòåëüñòâî ìóòàöèé â ãåíå BLM ïîâûøàåò ðèñê ðàçâè-
òèÿ êîëîðåêòàëüíîãî ðàêà, íàñëåäñòâåííûõ ôîðì ðàêà
ìîëî÷íîé è ïðåäñòàòåëüíîé æåëåç [7, 8].

Ãåí ñèíäðîìà Áëóìà (BLM) ëîêàëèçîâàí íà õðîìîñî-
ìå 15, â îáëàñòè q26.1, ñîñòîèò èç 22 ýêçîíîâ è êîäèðóåò
áåëîê, ñîñòîÿùèé èç 1417 àìèíîêèñëîò. Áåëîê, êîäèðóå-



ìûé ãåíîì BLM, îòíîñèòñÿ ê êëàññó RecQ-õåëèêàç è ÿâ-
ëÿåòñÿ ÷àñòüþ BRCA1-àññîöèèðîâàííîãî êîìïëåêñà,
êîòîðûé îòâå÷àåò çà ðåïàðàöèþ ïîâðåæäåíèé ÄÍÊ [9].
Ïî äàííûì ëèòåðàòóðû èçâåñòíî, ÷òî ó ðóññêèõ æåíùèí
ñ ðàêîì ìîëî÷íîé æåëåçû â ãåíå BLM îáíàðóæåíà ìóòà-
öèÿ c.1642C>T (p.Q548X), àññîöèèðîâàííàÿ ñ ïîâûøå-
íèåì ðèñêà ðàçâèòèÿ çàáîëåâàíèÿ [10].

Ìàòåðèàëû è ìåòîäû

Ñ öåëüþ ïîèñêà ìóòàöèé â ãåíå BLM íàìè ïðîàíàëè-
çèðîâàíî 124 îáðàçöà ÄÍÊ, âûäåëåííûõ èç ïåðèôåðè-
÷åñêîé êðîâè íåðîäñòâåííûõ áîëüíûõ ñ àäåíîêàðöèíî-
ìîé ïðîñòàòû èç Áàøêîðòîñòàíà. Âûäåëåíèå ÄÍÊ èç
ïåðèôåðè÷åñêîé êðîâè ïðîâîäèëè ìåòîäîì ïîñëåäîâà-
òåëüíîé ôåíîëüíî-õëîðîôîðìíîé ýêñòðàêöèè [11].
Â ðàáîòå ïðèìåíÿëèñü ñëåäóþùèå ìåòîäû: ïîëèìåðàç-
íàÿ öåïíàÿ ðåàêöèÿ (ÏÖÐ); àíàëèç êðèâûõ ïëàâëåíèÿ
ñ âûñîêîé ðàçðåøàþùåé ñïîñîáíîñòüþ (HRM) íà
CFX96 TouchTM Real-Time PCR Detection System ñ èñïî-
ëüçîâàíèåì ôëóîðåñöåíòíîãî êðàñèòåëÿ EvaGreen; ïðÿ-
ìîå ñåêâåíèðîâàíèå íà àâòîìàòè÷åñêîì ñåêâåíàòîðå
ABI PRISM 3100 ñîãëàñíî ïðîòîêîëó ôèðìû ïðîèçâîäè-
òåëÿ. Ôóíêöèîíàëüíóþ çíà÷èìîñòü âûÿâëåííûõ èçìå-
íåíèé ïðîâîäèëè ñ èñïîëüçîâàíèåì ïðîãðàìì SIFT, Po-
lyPhen-2, Mutation Assessor, Mutation Taster, CADD.

Ðåçóëüòàòû è îáñóæäåíèå

Â ðåçóëüòàòå ñåêâåíèðîâàíèÿ îáðàçöîâ ÄÍÊ ïàöèåí-
òîâ ñ ÐÏÆ îáíàðóæåíû 6 ìóòàöèé â ãåíå BLM. Âñå èç-
ìåíåíèÿ ïðåäñòàâëÿþò ñîáîé îäíîíóêëåîòèäíûå çàìå-
íû, âûÿâëåííûå â ãåòåðîçèãîòíîì ñîñòîÿíèè. Ìóòàöèè
â ýêçîííîé îáëàñòè âêëþ÷àþò äâå ñèíîíèìè÷íûå
(ñ.G3102A (p.T1034T), c.C3531A (p.A1177A)) è ÷åòûðå

íåñèíîíèìè÷íûå çàìåíû (c.C1237A (p.L413I), c.A1490C
(p.Q497R), c.C2603T (p.P868L), c. G3961A (p.V1321I)).

Â òðèíàäöàòîì ýêçîíå ãåíà BLM ó äâóõ ïàöèåíòîâ
(1%) îáíàðóæåíà ïàòîãåííàÿ ìèññåíñ-ìóòàöèÿ p. P868L
(òàáëèöà) â ãåòåðîçèãîòíîì ñîñòîÿíèè. Â èññëåäîâàíèè
Shastri et al. êëåòêè, ýêñïðåññèðóþùèå ìóòàíòíûé âàðè-
àíò ð. P868L ãåíà BLM, ïîêàçàëè ïîâûøåííóþ ÷àñòîòó
ñåñòðèíñêèõ õðîìàòèäíûõ îáìåíîâ è çàìåäëåííûé îòâåò
íà ïîâðåæäåíèÿ ÄÍÊ, à òàêæå íåýôôåêòèâíóþ ðåïàðà-
öèþ èíäóöèðîâàííûõ äâóöåïî÷å÷íûõ ðàçðûâîâ [12].
Shastri et al. ïðåäïîëîæèëè, ÷òî çàìåíà ïðîëèíà íà ãèä-
ðîôîáíóþ àìèíîêèñëîòó ëåéöèí íàðóøàåò ãèáêîñòü è
ãèäðîôèëüíîñòü ïåòëè, îñëàáëÿÿ ñïîñîáíîñòü ñâÿçûâà-
íèÿ ñ äâóõöåïî÷å÷íîé ÄÍÊ [12].

Â îäèííàäöàòîì ýêçîíå ãåíà BLM ó îäíîãî ïàöèåíòà
îáíàðóæåíà ïàòîãåííàÿ ìèññåíñ-ìóòàöèÿ c.C1237A
(p.L413I) (òàáëèöà), ïðèâîäÿùàÿ ê çàìåíå àìèíîêèñëî-
òû ëåéöèíà íà èçîëåéöèí â 413 ïîëîæåíèè áåëêà. Î ôè-
çèîëîãè÷åñêîé ðîëè äàííîé ìóòàöèè, ïî äàííûì ëèòå-
ðàòóðû, ïîêà íè÷åãî íåèçâåñòíî. Ó îäíîãî áîëüíîãî
ñ ÐÏÆ îáíàðóæåíà íóêëåîòèäíàÿ çàìåíà c.A1490G
(p.Q497R) â ýêçîíå 7 ãåíà BLM, êîòîðàÿ ïðèâîäèò ê àìè-
íîêèñëîòíîé çàìåíå ãëóòàìèíà íà àðãèíèí 497 ïîëîæå-
íèè áåëêà. Îòìåòèì, ÷òî àìèíîêèñëîòíûé îñòàòîê ãëó-
òàìèíà îòíîñèòñÿ ê êëàññó íåïîëÿðíûõ àìèíîêèñëîò, à
àðãèíèí — ê ùåëî÷íûì ïîëÿðíûì àìèíîêèñëîòàì. Èç-
ìåíåíèå ïîëÿðíîñòè àìèíîêèñëîòû â äàííîì ñëó÷àå
ìîæåò ñòàòü ïðè÷èíîé êîíôîðìàöèîííûõ èçìåíåíèé
áåëêîâîé ìîëåêóëû BLM. Ãåòåðîçèãîòíàÿ ìóòàöèÿ
c.G3961A (p.V1321I) â 19 ýêçîíå, ïðèâîäÿùàÿ ê çàìåíå
àìèíîêèñëîòû âàëèíà íà èçîëåéöèí â 1321 ïîçèöèè
áåëêà, áûëà îáíàðóæåíà ó òðåõ áîëüíûõ ñ ÐÏÆ (2,4%).
Îäèí ïàöèåíò ÿâëÿëñÿ íîñèòåëåì äâóõ ãåòåðîçèãîòíûõ
ìóòàöèé â ãåíå BLM — p.P868L è p.V1321I. Thompson et
al. ïðîâåëè ïîëíîå ñåêâåíèðîâàíèå ýêçîìà ïðè ðàêå ìî-
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Òàáëèöà
Îöåíêà ôóíêöèîíàëüíîé çíà÷èìîñòè ìóòàöèé,

îáíàðóæåííûõ ó ïàöèåíòîâ ñ ðàêîì ïðåäñòàòåëüíîé æåëåçû â ãåíå BLM

rs Èçìåíåíèå â
êîäèðóþùåé

÷àñòè

Èçìåíåíèå â
áåëêå

×àñòîòà ïî
áàçå äàííûõ
1000 Geno-
mes (EUR)

Îöåíêà ôóíêöèîíàëüíîé çíà÷èìîñòè ïî ðàçëè÷íûì áàçàì äàííûõ

CADD1 SIFT2 Mutation
Taster3

Mutation
Assessor4

PolyPhen25

rs2227933 c.G3102A p.T1034Ò 0,151158 13,42 0,995 — — —

rs2227934 c.C3531A p.A1177À 0,133187 13,50 1,000 — — —

rs149754073 c.Ñ1237A p.L413I 0,000439 29,6 0,030 1,000,1,000,
D

2,215,0,674,
M

0,982,
D

rs368547042 c.A1490G p.Q497R — 6,323 0,118 1,000,0,000,
N

1,04,0,572,
L

0,454,
P

rs2227935 c.C2603T p.P868L 0,0513179 34 0,005 1,000,0,000,
P

2,395,0,689,
M

0,81,
P

rs7167216 c.G3961A p.V1321I 0,0670927 0,603 0,383 0,0,1,
P

0,455,0,521,
N

0,01,
B

Ïðèìå÷àíèå. 1CADD: ÷åì âûøå çíà÷åíèå, òåì áîëåå ïàòîãåíåí âàðèàíò; 2Sift: D — disease causing; 3MutationTaster: A —
disease causing automatic; D — disease causing; 4MutationAssessor: H — high; M — medium; L — low; 5PolyPhen2: D — Pro-
bably damaging (>=0,957); P — possibly damaging (0,447<=pp2_hdiv<=0,909).



ëî÷íîé æåëåçû, â ðåçóëüòàòå òàêæå áûëè îáíàðóæåíû
ìóòàöèè (ñ.G3102A (p.T1034T), c.C3531A (p.A1177A),
c.A1490C (p.Q497R), c.G3961A (p.V1321I)) â ãåíå BLM
ñ âûñîêîé ÷àñòîòîé [13]. Ìóòàöèÿ p.Q548X â ãåíå BLM,
àññîöèèðîâàííàÿ ñ 6-êðàòíûì óâåëè÷åíèåì ðèñêà ðàç-
âèòèÿ ðàêà ìîëî÷íîé æåëåçû â Ðîññèè, Áåëîðóññèè è
Óêðàèíå, ó ïàöèåíòîâ ñ ðàêîì ïðåäñòàòåëüíîé æåëåçû,
íå áûëà îáíàðóæåíà. Ó÷èòûâàÿ åå íèçêóþ ÷àñòîòó, íåîá-
õîäèìî äàëüíåéøåå ïðîâåäåíèå ñêðèíèíãà ìóòàöèè p.
Q548X â ãåíå BLM íà ðàñøèðåííîé âûáîðêå ïàöèåíòîâ.

Àâòîðû äåêëàðèðóþò îòñóòñòâèå êîíôëèêòà èíòåðåñîâ.
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