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Àêòóàëüíîñòü. Ðàê æåëóäêà (ÐÆ) — îäíî èç íàèáîëåå ðàñïðîñòðàíåííûõ îíêîëîãè÷åñêèõ çàáîëåâàíèé, çàíèìàþùåå ïÿòîå
ìåñòî â ìèðå ïî çàáîëåâàåìîñòè è òðåòüå — ïî ñìåðòíîñòè ñðåäè âñåõ çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé. Äî íåäàâíåãî
âðåìåíè êëàññèôèêàöèÿ ÐÆ îñíîâûâàëàñü ïðåèìóùåñòâåííî íà ãèñòîëîãè÷åñêèõ êðèòåðèÿõ. Öåëü. Îõàðàêòåðèçîâàòü ñïåêò-
ðû ìóòàöèé ãåíîâ, âîâëå÷åííûõ â êàíöåðîãåíåç ÐÆ, â ðàçëè÷íûõ ãèñòîëîãè÷åñêèõ òèïàõ îïóõîëåé, è ïðîâåñòè ïîèñê íîâûõ
ìóòàöèé â ýòèõ ãåíàõ ó ðîññèéñêèõ ïàöèåíòîâ. Ìàòåðèàëû è ìåòîäû. Äëÿ àíàëèçà 52 îáðàçöîâ ÐÆ è ïàðíûõ èì îáðàçöîâ ìîð-
ôîëîãè÷åñêè íåèçìåíåííîé òêàíè ïðèìåíèëè ìåòîä NGS ñ èñïîëüçîâàíèåì äâóõ ïàíåëåé ïðàéìåðîâ — Ion AmpliSeq Cancer
Hotspot Panel v2, øèðîêî èñïîëüçóåìîé â ìèðå äëÿ àíàëèçà «ãîðÿ÷èõ òî÷åê» â ãåíàõ, âîâëå÷åííûõ â îíêîãåíåç, è ðàçðàáîòàí-
íîé íàìè ïàíåëè äëÿ ñåêâåíèðîâàíèÿ ãåíîâ, âîâëå÷åííûõ â ðàçâèòèå ÐÆ. Ðåçóëüòàòû. Ïðè èñïîëüçîâàíèè äâóõ ïàíåëåé âû-
ÿâëåíî 20 ãåíåòè÷åñêèõ âàðèàíòîâ, õàðàêòåðèçóþùèõñÿ èñêëþ÷èòåëüíî íèçêèìè ïîïóëÿöèîííûìè ÷àñòîòàìè (íå âûøå
0,00004, ñîãëàñíî áàçå äàííûõ gnomAD), è 19 ðàíåå íå îïèñàííûõ ãåíåòè÷åñêèõ âàðèàíòîâ. Ïîêàçàíî ñòàòèñòè÷åñêè çíà÷è-
ìîå îáîãàùåíèå âûáîðêè îïóõîëåé èíòåñòèíàëüíîãî ãèñòîëîãè÷åñêîãî òèïà ñîìàòè÷åñêèìè ìèññåíñ-ìóòàöèÿìè â ãåíå TP53.
Ãåðìèíàëüíûé ñòàòóñ îïðåäåëåí äëÿ 4 íîâûõ ãåíåòè÷åñêèõ âàðèàíòîâ â ãåíàõ RB1, SMO è CDH1.
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Background. Gastric cancer (GC) is one of the most common oncological diseases, with the fifth place in the world in terms of
morbidity and the third on mortality among all malignant neoplasms. Until recently, the classification of GC was based mainly on
histological criteria. Objective. To characterize the spectra of gene mutations in various histological types of gastric tumors, and to
search for novel mutations in the Russian patients. Material and methods. To analyze 52 GC samples and the samples of morphologi-
cally unaltered tissues from the same patients, we have used NGS with two panels, an Ion AmpliSeq Cancer Hotspot Panel v2, widely
used for the analysis of «hot spots» in cancer related genes, and an in-house panel developed for sequencing the genes involved in
gastric carcinogenesis. Results. In total, with two panels, we have identified 20 genetic variants with exceptionally low general popula-
tion frequencies (no higher than 0.00004 according to the gnomAD database), and 19 genetic variants that have never been reported
previously. We report a statistically significant enrichment of a cohort of intestinal tumors with somatic missense mutations in the
TP53 gene compared to diffuse tumors. The germline status was determined for 4 novel genetic variants, in the RB1, SMO and CDH1
genes.
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Ââåäåíèå

Ðàê æåëóäêà (ÐÆ) — îäíî èç íàèáîëåå ðàñïðîñòðà-
íåííûõ îíêîëîãè÷åñêèõ çàáîëåâàíèé. Åæåãîäíî â ìèðå
äèàãíîñòèðóåòñÿ ïî÷òè 1 ìëí íîâûõ ñëó÷àåâ ÐÆ è ðåãè-
ñòðèðóåòñÿ 720 òûñ. ñìåðòåëüíûõ èñõîäîâ, ÷òî ñòàâèò
ÐÆ íà ïÿòîå ìåñòî ïî çàáîëåâàåìîñòè è íà òðåòüå — ïî
ñìåðòíîñòè ñðåäè âñåõ çëîêà÷åñòâåííûõ íîâîîáðàçîâà-
íèé [1]. Äî íåäàâíåãî âðåìåíè êëàññèôèêàöèÿ ÐÆ
îñíîâûâàëàñü íà ãèñòîëîãè÷åñêèõ êðèòåðèÿõ. Íàèáîëåå
ðàñïðîñòðàíåííûé ãèñòîëîãè÷åñêèé êëàññèôèêàòîð,
ïðåäëîæåííûé Ëîðåí â 1965 ãîäó [2] è èñïîëüçóåìûé ïî
íàñòîÿùåå âðåìÿ, äåëèò ÐÆ íà äâà ïîäòèïà — èíòåñòè-
íàëüíûé è äèôôóçíûé. Â 2000 ã. Âñåìèðíàÿ îðãàíèçà-
öèÿ çäðàâîîõðàíåíèÿ îäîáðèëà äîïîëíèòåëüíûé ãèñòî-
ëîãè÷åñêèé êëàññèôèêàòîð ÐÆ, âûäåëÿþùèé òóáóëÿð-
íûé, ìóöèíîçíûé, ïàïèëëÿðíûé è ïåðñòíåâèäíîêëå-
òî÷íûé ïîäòèïû [3]. Ïîïûòêè óòî÷íåíèÿ ìîðôîëîãè÷å-
ñêîé êëàññèôèêàöèè ÐÆ ïðîäîëæàëèñü è â ïîñëåäóþ-
ùèå ãîäû [4]. Áîëüøèíñòâî îïóõîëåé æåëóäêà ìîæíî
îäíîçíà÷íî îòíåñòè ê òîìó èëè èíîìó ãèñòîëîãè÷åñêî-
ìó ïîäòèïó, îäíàêî ñïåöèôè÷åñêèõ âàðèàíòîâ ëåêàðñò-
âåííîé òåðàïèè äëÿ ýòèõ ïîäòèïîâ íå âûðàáîòàíî [5].
Ýòèì îáúÿñíÿåòñÿ ñòðåìëåíèå ê ðàçðàáîòêå ìîëåêóëÿð-
íî-ãåíåòè÷åñêèõ êëàññèôèêàòîðîâ ÐÆ, â òîì ÷èñëå
â ðàìêàõ êðóïíûõ ìåæäóíàðîäíûõ êîíñîðöèóìîâ, òà-
êèõ, êàê The Cancer Genome Atlas (TCGA) [6] è Asian
Cancer Research Group (ACRG) [7].

Â íàñòîÿùåé ðàáîòå ìû ïðåäñòàâëÿåì ðåçóëüòàòû ïè-
ëîòíîãî èññëåäîâàíèÿ, öåëüþ êîòîðîãî ÿâëÿåòñÿ õàðàê-
òåðèñòèêà ñïåêòðîâ ìóòàöèé ãåíîâ, âîâëå÷åííûõ â êàí-
öåðîãåíåç ÐÆ, â ðàçëè÷íûõ ãèñòîëîãè÷åñêèõ òèïàõ îïó-
õîëåé, è ïîèñê íîâûõ ìóòàöèé â ýòèõ ãåíàõ ó ðîññèéñêèõ
ïàöèåíòîâ.

Ìàòåðèàëû è ìåòîäû

Êëèíè÷åñêèé ìàòåðèàë. Ïðîàíàëèçèðîâàíî 52 îáðàç-
öà ðàêà æåëóäêà (ÐÆ) è 52 ïàðíûõ èì îáðàçöà ìîðôîëî-
ãè÷åñêè íåèçìåíåííîé òêàíè. Îáðàçöû áèîëîãè÷åñêîãî
ìàòåðèàëà ïðåäîñòàâëåíû Êëèíèêîé ôàêóëüòåòñêîé õè-
ðóðãèè èì. Í.Í. Áóðäåíêî Ïåðâîãî ÌÃÌÓ èì. È.Ì. Ñå-
÷åíîâà. Ìåäèàíà âîçðàñòà îáñëåäîâàííûõ áîëüíûõ ÐÆ è
åå ñòàíäàðòíîå îòêëîíåíèå ñîñòàâèëè 63,4 ± 10 ëåò.
Â ñîîòâåòñòâèè ñ êëàññèôèêàöèåé Ëîðåí [2], èíòåñòè-
íàëüíûé òèï ÐÆ ãèñòîëîãè÷åñêè ïîäòâåðæäåí â 21
(40%), äèôôóçíûé — â 31 (60%) ñëó÷àÿõ. Ãåíîìíóþ
ÄÍÊ âûäåëÿëè ñòàíäàðòíûì ìåòîäîì ôåíîë-õëîðîôîð-
ìíîé ýêñòðàêöèè.

Âûñîêîïðîèçâîäèòåëüíîå ïàðàëëåëüíîå ñåêâåíèðîâàíèå

ÄÍÊ è àíàëèç ïîëó÷åííûõ äàííûõ. Ñêðèíèíã ãåíåòè÷å-
ñêèõ âàðèàíòîâ ïðîâîäèëè ñ èñïîëüçîâàíèåì äâóõ òàð-
ãåòíûõ ïàíåëåé — êîììåð÷åñêîé Ion AmpliSeq Cancer
Hotspot Panel v2 (Thermo Fisher) è ðàçðàáîòàííîé àâòî-
ðàìè äëÿ ïðîâåäåíèÿ íàñòîÿùåãî èññëåäîâàíèÿ Heredi-
tary Gastric Cancer Panel (HGC).

Ion AmpliSeq Cancer Hotspot Panel v2 (äàëåå CHP)
âêëþ÷àåò 207 ïàð ïðàéìåðîâ è ðàñ÷èòàíà íà ñêðèíèíã
2850 èçâåñòíûõ «ãîðÿ÷èõ òî÷åê» â 50 ãåíàõ, âîâëå÷åííûõ
â îíêîãåíåç: ABL1, AKT1, ALK, APC, ATM, BRAF, CDH1,

CDKN2A, CSF1R, CTNNB1, EGFR, ERBB2, ERBB4,

EZH2, FBXW7, FGFR1, FGFR2, FGFR3, FLT3, GNA11,

GNAQ, GNAS, HNF1A, HRAS, IDH1, IDH2, JAK2, JAK3,

KDR, KIT, KRAS, MET, MLH1, MPL, NOTCH1, NPM1,

NRAS, PDGFRA, PIK3CA, PTEN, PTPN11, RB1, RET,

SMAD4, SMARCB1, SMO, SRC, STK11, TP53 è VHL.

Ïàíåëü ïðàéìåðîâ Hereditary Gastric Cancer Panel
(äàëåå HGCP) ðàçðàáîòàíà íàìè äëÿ ñêðèíèíãà ãåíåòè-
÷åñêèõ âàðèàíòîâ â ãåíàõ, ïîâðåæäåíèÿ êîòîðûõ â ãåð-
ìèíàëüíîé ëèíèè ïðèâîäÿò ê ñåìåéíûì ôîðìàì ðàêà
æåëóäêà. Ýòà ïàíåëü èç 218 ïàð ïðàéìåðîâ ïîçâîëÿåò îä-
íîâðåìåííî ñåêâåíèðîâàòü âñå êîäèðóþùèå ïîñëåäîâà-
òåëüíîñòè, íåêîäèðóþùèå îáëàñòè êðàéíèõ ýêçîíîâ è
ïðèëåæàùèå ê ýêçîíàì èíòðîííûå ó÷àñòêè ïðîòÿæåí-
íîñòüþ íå ìåíåå 25 ï.í. øåñòè ãåíîâ: BMPR1A, SMAD4,

CDH1, TP53, STK11 è PTEN.

Ñêðèíèíã ãåíåòè÷åñêèõ âàðèàíòîâ â ÄÍÊ ìàòåðèàëà
îïóõîëè ïðîâîäèëè âûñîêîïðîèçâîäèòåëüíûì ïàðàë-
ëåëüíûì ñåêâåíèðîâàíèåì (NGS) íà ïëàòôîðìå Ion
Torrent (ïðèáîðû Ion Torrent PGM è Ion S5, Thermo Fis-
her). Ïðîòîêîë âêëþ÷àë ïîäãîòîâêó áèáëèîòåê ôðàãìåí-
òîâ ãåíîìíîé ÄÍÊ, êëîíàëüíóþ àìïëèôèêàöèþ, ñåêâå-
íèðîâàíèå è áèîèíôîðìàòè÷åñêèé àíàëèç ðåçóëüòàòîâ.

Âåðèôèêàöèþ ãåíåòè÷åñêèõ âàðèàíòîâ, âûÿâëåííûõ
NGS, è îïðåäåëåíèå èõ ãåðìèíàëüíîãî èëè ñîìàòè÷åñêîãî
ñòàòóñà ïðîâîäèëè ïðÿìûì ñåêâåíèðîâàíèåì ïî Ñýíãåðó.
Âûÿâëåíèå ãåíåòè÷åñêîãî âàðèàíòà â îáðàçöå ÐÆ è â ïàð-
íîì åìó îáðàçöå ìîðôîëîãè÷åñêè íåèçìåíåííîé òêàíè
ðàñöåíèâàëè êàê ñâèäåòåëüñòâî ãåðìèíàëüíîãî ñòàòóñà.
Âûÿâëåíèå ãåíåòè÷åñêîãî âàðèàíòà èñêëþ÷èòåëüíî â îá-
ðàçöå ÐÆ ïðè îòñóòñòâèè â ïàðíîì åìó îáðàçöå ìîðôîëî-
ãè÷åñêè íåèçìåíåííîé òêàíè ðàñöåíèâàëè êàê ñâèäåòåëü-
ñòâî ñîìàòè÷åñêîãî ñòàòóñà. Ñåêâåíèðîâàíèå ïðîâîäèëè
íà ïðèáîðå ABI PRISM 3100, ñ èñïîëüçîâàíèåì ïàð ïðàé-
ìåðîâ, ïîñëåäîâàòåëüíîñòè êîòîðûõ íå ïîâòîðÿëè ïîñëå-
äîâàòåëüíîñòè ïðàéìåðîâ ïàíåëåé NGS.

Ñòàòèñòè÷åñêèé àíàëèç. Ñðàâíåíèå ïîëó÷åííûõ äàí-
íûõ ïðîâîäèëè ñ èñïîëüçîâàíèåì òî÷íîãî òåñòà Ôèøåðà.

Ðåçóëüòàòû è îáñóæäåíèå

Ïî ðåçóëüòàòàì âûñîêîïðîèçâîäèòåëüíîãî ñåêâåíè-
ðîâàíèÿ â 52 îáðàçöàõ ÐÆ ñ èñïîëüçîâàíèåì ïàíåëè
CHP âûÿâëåíî 12 ãåíåòè÷åñêèõ âàðèàíòîâ, õàðàêòåðèçó-
þùèõñÿ èñêëþ÷èòåëüíî íèçêèìè ïîïóëÿöèîííûìè ÷àñ-
òîòàìè (íå âûøå 0,00004, ñîãëàñíî áàçå äàííûõ
gnomAD), à òàêæå 3 ðàíåå íå îïèñàííûõ ãåíåòè÷åñêèõ
âàðèàíòà. Ñðåäè íîâûõ âàðèàíòîâ — äâå ãåðìèíàëüíûå
ìèññåíñ-ìóòàöèè â ãåíå RB1, p.Leu564Phe è
p.His686Asn, ñîìàòè÷åñêàÿ îäíîíóêëåîòèäíàÿ çàìåíà
â ãåíå ATM c.9066A>G, íå ïðèâîäÿùàÿ ê çàìåíå àìèíî-
êèñëîòû (p.Glu3022=).
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Ñðåäè ðåäêèõ ãåíåòè÷åñêèõ âàðèàíòîâ ãåðìèíàëü-
íûé ñòàòóñ ïîäòâåðæäåí äëÿ íîíñåíñ-ìóòàöèè p.Trp206*
â ãåíå SMO.

Ãåðìèíàëüíîå ïðîèñõîæäåíèå ïîêàçàíî òàêæå äëÿ
äâóõ ãåíåòè÷åñêèõ âàðèàíòîâ ñ ïîïóëÿöèîííîé ÷àñòîòîé
0,002 — â ãåíàõ CDKN2B (p.Arg103Trp) è APC

(p.Ile1307Lys). Íåñìîòðÿ íà äîâîëüíî âûñîêóþ ÷àñòîòó
â ïîïóëÿöèè, ìóòàöèÿ CDKN2B:p.Arg103Trp áûëà îïèñà-
íà ðàíåå êàê ïàòîãåííàÿ [8], à APC:p.Ile1307Lys ðàññìàò-
ðèâàåòñÿ êàê ãåíåòè÷åñêèé âàðèàíò ïðåäðàñïîëîæåííî-
ñòè ê ñåìåéíîìó àäåíîìàòîçíîìó ïîëèïîçó [9].

Ñ èñïîëüçîâàíèåì ïàíåëè ïðàéìåðîâ HGC âûÿâëå-
íî 8 ãåíåòè÷åñêèõ âàðèàíòîâ ñ èñêëþ÷èòåëüíî íèçêèìè
ïîïóëÿöèîííûìè ÷àñòîòàìè è 16 ðàíåå íå îïèñàííûõ
âàðèàíòîâ. Ñðåäè íèõ — 18 ìèññåíñ-ìóòàöèé â ãåíàõ
CDH1, TP53, STK11, PTEN è SMAD4, äâå íîâûå ìóòàöèè
ñàéòîâ ñïëàéñèíãà â ãåíå CDH1 (c.1320+2T>G è
c.531+2_15del), îäíîíóêëåîòèäíàÿ äåëåöèÿ â ó÷àñòêå äî-
íîðíîãî ñàéòà ñïëàéñèíãà 7-ãî ýêçîíà ãåíà PTEN

c.800delA), äâå íîíñåíñ-ìóòàöèè â ãåíå TP53 (p.Arg86fs è
p.E298*) è íîíñåíñ-ìóòàöèÿ â ãåíå SMAD4 p.Arg445*.
Ãåðìèíàëüíûé ñòàòóñ ïîäòâåðæäåí òîëüêî äëÿ äâóõ ìèñ-
ñåíñ-ìóòàöèé â ãåíå CDH1 p.Thr303Pro è p.Ser838Gly;
ïåðâàÿ èç íèõ âûÿâëåíà íàìè âïåðâûå, âòîðàÿ æå ïðåä-
ñòàâëÿåò ñîáîé êðàéíå ðåäêèé ïàòîãåííûé ãåíåòè÷åñêèé
âàðèàíò, îïèñàííûé ðàíåå â ãåðìèíàëüíîì ñîñòîÿíèè
ó áîëüíîé ðàêîì ÿè÷íèêà [10].

Â ïðîâåäåííîì íàìè èññëåäîâàíèè ïðè ñåêâåíèðî-

âàíèè ÄÍÊ èç îáðàçöîâ ÐÆ íàèáîëüøåå êîëè÷åñòâî ãå-

íåòè÷åñêèõ âàðèàíòîâ âûÿâëåíî â ãåíàõ PIK3CA, TP53 è

CDH1 (ðèñóíîê). Ñòàòèñòè÷åñêè äîñòîâåðíûõ ðàçëè÷èé

ìåæäó âûáîðêàìè îïóõîëåé èíòåñòèíàëüíîãî è äèôôóç-

íîãî ãèñòîëîãè÷åñêèõ òèïîâ ïî êîëè÷åñòâó âûÿâëåííûõ

ìóòàöèé â öåëîì, êàê è ïî ïðåäñòàâëåííîñòè ìóòàöèé

â îòäåëüíûõ ãåíàõ, íå âûÿâëåíî; îäíàêî ïîêàçàíî ñòàòè-

ñòè÷åñêè çíà÷èìîå îáîãàùåíèå âûáîðêè îïóõîëåé èíòå-

ñòèíàëüíîãî òèïà ñîìàòè÷åñêèìè ìèññåíñ-ìóòàöèÿìè

â ãåíå TP53 (p=0,01).

Çàêëþ÷åíèå

Ñêðèíèíã ìóòàöèé â 52 îáðàçöàõ ðàêà æåëóäêà è ïàð-

íûõ èì îáðàçöàõ ìîðôîëîãè÷åñêè íåèçìåíåííîé òêàíè

ìåòîäîì NGS âûÿâèë 20 ãåíåòè÷åñêèõ âàðèàíòîâ, õàðàê-

òåðèçóþùèõñÿ èñêëþ÷èòåëüíî íèçêèìè ïîïóëÿöèîííû-

ìè ÷àñòîòàìè (íå âûøå 0,00004, ñîãëàñíî áàçå äàííûõ

gnomAD), è 19 ðàíåå íå îïèñàííûõ ãåíåòè÷åñêèõ âàðèàí-

òîâ. Ïîêàçàíî ñòàòèñòè÷åñêè çíà÷èìîå îáîãàùåíèå âû-

áîðêè îïóõîëåé èíòåñòèíàëüíîãî ãèñòîëîãè÷åñêîãî òèïà

ñîìàòè÷åñêèìè ìèññåíñ-ìóòàöèÿìè â ãåíå TP53. Ãåðìè-

íàëüíûé ñòàòóñ îïðåäåëåí äëÿ ÷åòûðåõ íîâûõ ãåíåòè÷å-

ñêèõ âàðèàíòîâ â ãåíàõ RB1, SMO è CDH1.

ISSN 2073-7998 13

ÌÅÄÈÖÈÍÑÊÀß ÃÅÍÅÒÈÊÀ. 2018. ¹11

Ðàñïðåäåëåíèå ãåíåòè÷åñêèõ âàðèàíòîâ, âûÿâëåííûõ â îáðàçöàõ ÐÆ èíòåñòèíàëüíîãî è äèôôóçíîãî ãèñòîëîãè÷åñêèõ òèïîâ. Êàæäûé ñòîëáåö
ñîîòâåòñòâóåò îòäåëüíîé îïóõîëè, êàæäàÿ ñòðîêà — ãåíó.
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