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Ðàê ùèòîâèäíîé æåëåçû (ÐÙÆ) ÿâëÿåòñÿ ñàìûì ðàñïðîñòðàíåííûì çëîêà÷åñòâåííûì çàáîëåâàíèåì ýíäîêðèííîé ñèñòå-
ìû. Êëþ÷åâîé ìåòîä äèàãíîñòèêè ÐÙÆ — öèòîëîãè÷åñêîå èññëåäîâàíèå êëåòîê ùèòîâèäíîé æåëåçû, ïîëó÷àåìûõ â ðåçóëüòà-
òå òîíêîèãîëüíîé àñïèðàöèîííîé áèîïñèè (ÒÀÁ). Â 20—30% ñëó÷àåâ ÒÀÁ âûÿâëÿåò àòèïèþ íåîïðåäåëåííîãî çíà÷åíèÿ, ÷òî íå
ïîçâîëÿåò êëèíèöèñòó îïðåäåëèòü òàêòèêó âåäåíèÿ ïàöèåíòà: îïåðèðîâàòü èëè ëå÷èòü êîíñåðâàòèâíî. Â ðàìêàõ íàó÷íûõ èñ-
ñëåäîâàíèé â áîëüøèíñòâå ñëó÷àåâ ÐÙÆ óäàåòñÿ âûÿâèòü äðàéâåðíûå ìóòàöèè èëè èíûå ãåíåòè÷åñêèå ìàðêåðû. Èõ îïðåäå-
ëåíèå ìîæåò ïîâûñèòü òî÷íîñòü äèàãíîñòèêè ÐÙÆ. Öåëü äàííîé ðàáîòû — ðàçðàáîòêà ìåòîäà ìîëåêóëÿðíî-ãåíåòè÷åñêîé
äèàãíîñòèêè ÐÙÆ ñ ïðèìåíåíèåì âûñîêîïðîèçâîäèòåëüíîãî ïàðàëëåëüíîãî ñåêâåíèðîâàíèÿ. Áûë ïðîâåäåí àíàëèç ëèòåðà-
òóðû, áàçû äàííûõ (ÁÄ) COSMIC, à òàêæå ðåçóëüòàòîâ èññëåäîâàíèÿ ïðîåêòà The Cancer Genome Atlas, â õîäå êîòîðîãî áûëî
îòîáðàíî 456 òî÷êîâûõ ñîìàòè÷åñêèõ ìóòàöèé â 25 ãåíàõ, 23 ãåííûå òðàíñëîêàöèè, à òàêæå 3 ìóòàöèè òèïà èçìåíåíèÿ ÷èñëà
êîïèé ãåíà (copy number variations, CNV), õàðàêòåðíûå äëÿ ÐÙÆ. Äëÿ äåòåêöèè òî÷êîâûõ ìóòàöèé, êîðîòêèõ èíñåðöèé/äåëå-
öèé è CNV â èíñòðóìåíòå AmpliSeq Designer áûë ñîçäàí äèçàéí ïàíåëè, ñîäåðæàùèé 221 ïàðó ïðàéìåðîâ (â 2 ïóëàõ), ïîêðû-
âàþùèé 99,59% âûáðàííûõ òàðãåòíûõ ðåãèîíîâ. Â äèçàéí òàêæå áûëè âêëþ÷åíû ðåãèîíû ãåíà RET, íåñóùèå ãåðìèíàòèâíûå
ìóòàöèè äëÿ äåòåêöèè íàñëåäñòâåííîãî ìåäóëëÿðíîãî ÐÙÆ. Ñ ïîìîùüþ èíñòðóìåíòà RNA Gene Fusion designs áûë ðàçðàáî-
òàí äèçàéí ïàíåëè äëÿ äåòåêöèè 23 ïåðåñòðîåê.
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÷åñêàÿ äèàãíîñòèêà, KRAS, NRAS, BRAF

Ââåäåíèå

Ðàê ùèòîâèäíîé æåëåçû (ÐÙÆ) ëèäèðóåò ïî ÷àñòîòå
ñðåäè çëîêà÷åñòâåííûõ íîâîîáðàçîâàíèé ýíäîêðèííîé
ñèñòåìû [1]. Äèàãíîñòèêà ÐÙÆ îñíîâàíà íà ïðîâåäå-
íèè öèòîëîãè÷åñêîãî àíàëèçà áèîïòàòîâ, ïîëó÷åííûõ
ìåòîäîì ÒÀÁ. Ñóùåñòâåííûì íåäîñòàòêîì äàííîãî äèà-
ãíîñòè÷åñêîãî ìåòîäà ÿâëÿåòñÿ äîñòàòî÷íî âûñîêèé
ïðîöåíò (20—30%) òàê íàçûâàåìûõ «íåîïðåäåëåííûõ»
äèàãíîçîâ, ñîîòâåòñòâóþùèõ III, IV è V ãðóïïå ïî êëàñ-
ñèôèêàöèè Bethesda, ÷òî âåäåò ê âûáîðó íåïðàâèëüíîé
òàêòèêè ëå÷åíèÿ [2]. Ïðåäïîëàãàåòñÿ, ÷òî ïîâûøåíèå
òî÷íîñòè äèàãíîñòèêè ìîæåò áûòü äîñòèãíóòî çà ñ÷åò
èñïîëüçîâàíèÿ ìîëåêóëÿðíî-ãåíåòè÷åñêèõ ìåòîäîâ àíà-
ëèçà.

Â íàñòîÿùåå âðåìÿ äîñòóïíû òåñòû, âûÿâëÿþùèå
ìóòàöèè ãåíîâ BRAF, NRAS, KRAS. Îäíàêî ìóòàöèè ãåíà
BRAF îáíàðóæèâàþò ëèøü â 40—60% ñëó÷àåâ ïàïèëëÿð-
íîãî ÐÙÆ, à ìóòàöèè â ãåíàõ RAS âûÿâëÿþò â 10—20%
ïàïèëëÿðíîãî ÐÙÆ è 40—50% ôîëëèêóëÿðíîãî ÐÙÆ.
Òàêèì îáðàçîì, èñïîëüçîâàíèå äàííûõ òåñòîâ ïîçâîëÿåò
èäåíòèôèöèðîâàòü íå áîëåå 80% ïàïèëëÿðíîãî ÐÙÆ è
íå áîëåå 50% ôîëëèêóëÿðíîãî ÐÙÆ. Ïðè ýòîì â íàñòî-
ÿùåå âðåìÿ èçâåñòíî áîëåå 400 ìóòàöèé, ñâÿçàííûõ

ñ ÐÙÆ. Ó÷èòûâàÿ èõ êîëè÷åñòâî è íèçêóþ ÷àñòîòó êàæ-
äîé îòäåëüíîé ìóòàöèè öåëåñîîáðàçíî ðàçðàáîòàòü ìå-
òîä ìîëåêóëÿðíî-ãåíåòè÷åñêîé äèàãíîñòèêè ÐÙÆ
ñ ïðèìåíåíèåì âûñîêîïðîèçâîäèòåëüíîãî ïàðàëëåëüíî-
ãî ñåêâåíèðîâàíèÿ.

Ìåòîäû

Âûáîð ìóòàöèé äëÿ âêëþ÷åíèÿ â ïàíåëü

Äëÿ ôîðìèðîâàíèÿ ñïèñêà ìóòàöèé áûëà ïðîàíà-
ëèçèðîâàíà àíãëîÿçû÷íàÿ ëèòåðàòóðà, áàçà äàííûõ
COSMIC è ðåçóëüòàòû èññëåäîâàíèÿ The Cancer Ge-
nome Atlas, â òîì ÷èñëå ñ èñïîëüçîâàíèåì cBioPortal
for Cancer Genomics [3, 4, 5].

Ïîèñê ñòàòåé áûë âûïîëíåí â áàçå PubMed ïî ñëåäó-
þùèì êëþ÷åâûì ñëîâàì: «genomic thyroid cancer», «thy-
roid cancer mutation», «thyroid cancer diagnosis».

Ñ ïîðòàëà COSMIC áûëà èìïîðòèðîâàíà áàçà «Cos-
micMutantExport», 77 v, ñîäåðæàùàÿ âñå òî÷êîâûå êîäè-
ðóþùèå ìóòàöèè, óñòàíîâëåííûå â ðåçóëüòàòå òàðãåòíûõ
è ïîëíîãåíîìíûõ èññëåäîâàíèé [3]. Â ïîëó÷åííûõ äàí-
íûõ áûëè îòôèëüòðîâàíû çàïèñè, ñîîòâåòñòâóþùèå çíà-
÷åíèþ «Thyroid» â ïîëå Primary Site.



Ñ ñàéòà cBioPortal for Cancer Genomics áûëè èìïîð-
òèðîâàíû äàííûå, óäîâëåòâîðÿþùèå ñëåäóþùèì óñëî-
âèÿì ïîèñêà: Cancer Study — Poorly-Differentiated and
Anaplastic Thyroid Cancers (MSKCC, JCI 2016), Papillary
Thyroid Carcinoma (TCGA, Cell 2014), Thyroid Carcinoma
(TCGA, Provisional); Data Type Priority — Mutation and
CNA; Gene Set — PPM1D [4, 5].

Äèçàéí ïóëà ïðàéìåðîâ äëÿ äåòåêöèè òî÷êîâûõ ìóòàöèé

è èçìåíåíèé ÷èñëà êîïèé ãåíà (CNV)

Äèçàéí ïóëà ïðàéìåðîâ îñóùåñòâëÿëè èíñòðóìåíòîì
âåðñèè 5.4.1 ïî ðåôåðåíñíîìó ãåíîìó GRCh37. Äëÿ
îöåíêè äèçàéíà áûëè èñïîëüçîâàëè èíñòðóìåíòû IGV
(Integrative Genomic Viewer) è UCSC Genome Browser.

Äèçàéí ïóëà ïðàéìåðîâ äëÿ äåòåêöèè òðàíñëîêàöèé

(fusion-ìóòàöèé)

Äèçàéí äëÿ äåòåêöèè òðàíñëîêàöèé ñîçäàâàëè â ñïå-
öèàëèçèðîâàííîì ðàçäåëå AmpliSeq Designer — RNA
Gene Fusion designs. Â äèçàéí òàêæå áûëè âêëþ÷åíû ãå-
íû äëÿ îöåíêè êëåòî÷íîãî ñîñòàâà îáðàçöà: CALCA,

KRT7, KRT20, PGK1, PTH, SLC5A5, TG, TTF1, HMBS,

TBP, MRPL13, LRP1.

Ðåçóëüòàòû

Ïàíåëü äëÿ äåòåêöèè òî÷å÷íûõ ìóòàöèé è CNV

Â ðåçóëüòàòå àíàëèçà ëèòåðàòóðû è ÁÄ áûë îïðåäåëåí
ñïèñîê òî÷êîâûõ ìóòàöèé è CNV, âñòðå÷àþùèõñÿ ïðè îñíîâ-
íûõ òèïàõ ÐÙÆ (ïàïèëëÿðíûé, ôîëëèêóëÿðíûé, íèçêîäèô-
ôåðåíöèðîâàííûé, àíàïëàñòè÷åñêèé è ìåäóëëÿðíûé). Âñåãî
áûëî îòîáðàíî 25 ãåíîâ ñ òî÷êîâûìè ìóòàöèÿìè.

Èç ÁÄ COSMIC áûëè èìïîðòèðîâàíû ìóòàöèè, âñòðå-
÷àþùèåñÿ áîëåå ÷åì â 1 ñëó÷àå ÐÙÆ. Âñåãî áûëî èìïîð-
òèðîâàíî 456 ñîìàòè÷åñêèõ ìóòàöèé â 25 ãåíàõ. Ðàñïðåäå-
ëåíèå êîëè÷åñòâà ìóòàöèé ïî ãåíàì áûëî ñëåäóþùèì:
TP53 — 62 âàðèàíòà, RET — 51, TSHR — 49, PIK3CA — 47,
BRAF — 31, CTNNB1 — 30, PTEN — 30, HRAS — 24, KRAS

— 21, APC — 20, NRAS — 14, SMAD4 — 12, CDKN2A — 9,
CDKN2C — 9, IDH1 — 7, EGFR — 7, TERT — 6, GNAS —
6, DICER1 — 5, CHEK2 — 5, EIF1AX — 4, AKT1 — 3, MET

— 2, PPM1D — 1, NF2 — 1 [3].
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Ýêçîíû, íåñóùèå êëàñòåðû ìóòàöèé, áûëè âêëþ÷å-
íû â äèçàéí öåëèêîì (òàáë. 1).

Ïîäáîð ïðàéìåðîâ äëÿ äåòåêöèè îòîáðàííûõ ìóòàöèé
îñóùåñòâëÿëè ñ ïîìîùüþ èíñòðóìåíòà AmpliSeq Desig-
ner. Áûë âûáðàí ìàêñèìàëüíî äîñòóïíûé ðàçìåð àìïëè-
êîíà (125—375 ï.í.), ÷òî îáåñïå÷èâàåò ëó÷øåå ïîêðûòèå
òàðãåòíûõ ðåãèîíîâ. ×àñòî ðàñïîëîæåííûå ìóòàöèè áû-
ëè îáúåäèíåíû â êëàñòåðû. Äëÿ ãåíà RET áûë ïîäîáðàí
äèçàéí, ïîêðûâàþùèé ýêçîíû, 3’ è 5’ UTR îáëàñòè.

Îñíîâíàÿ äîëÿ òî÷êîâûõ ìóòàöèé ïðè ÐÙÆ ïðèõî-
äèòñÿ íà ãåíû ñèãíàëüíûõ ïóòåé MAPK è
PI3K/Akt/mTOR: BRAF, HRAS, NRAS, KRAS, PIK3CA,
AKT1 è PTEN (ðèñóíîê) [6, 7, 8, 9]. Ãåíû, äëÿ êîòîðûõ
õàðàêòåðíû ìóòàöèè ïðè íèçêîäèôôåðåíöèðîâàííîì è
àíàïëàñòè÷åñêîì ÐÙÆ âêëþ÷àþò CTNNB1, TP53 è
TERT (ðèñóíîê) [1, 8]. Òàêæå â ëèòåðàòóðå îïèñàíî äî-
ñòàòî÷íî áîëüøîå êîëè÷åñòâî ñëó÷àåâ ìóòàöèé ãåíà APC

ïðè ÐÙÆ. Äðóãàÿ ãðóïïà ãåíîâ, êîòîðàÿ ìîæåò áûòü
âûäåëåíà ïî ðåçóëüòàòàì àíàëèçà ëèòåðàòóðà âêëþ÷àåò
ãåíû SMAD4, GNAS è TSHR, ìóòàöèè â êîòîðûõ âûÿâëÿ-
þòñÿ êàê ïðè çëîêà÷åñòâåííûõ, òàê è äîáðîêà÷åñòâåí-
íûõ èçìåíåíèÿõ ÙÆ [1, 6, 10, 11]. Ê ãåíàì, ìóòàöèè êî-
òîðûõ âñòðå÷àþòñÿ ïðè ÐÙÆ ðåäêî, ìîæíî îòíåñòè
EGFR, CDKN2A, CDKN2C, DICER1, MET, NF2, IDH1 [1].
Ìóòàöèè ãåíîâ EIF1AX, PPM1D è CHEK2 áûëè âûÿâëå-
íû â ðàìêàõ ïðîåêòà The Cancer Genome Atlas (TCGA)
â ðåçóëüòàòå ïîëíîãåíîìíîãî è ïîëíîýêçîìíîãî ñåêâå-
íèðîâàíèÿ êëåòîê ïàïèëëÿðíîãî ÐÙÆ [3]. Ìóòàöèè ãå-
íà EIF1AX ñ÷èòàþòñÿ ïðåäïîëîæèòåëüíî äðàéâåðíûìè,
îäíàêî Karunamurthy A. ñ ñîàâò. (2016) ïîêàçàëè, ÷òî ìó-
òàöèè äàííîãî ãåíà ìîãóò áûòü îáíàðóæåíû è ïðè äîá-
ðîêà÷åñòâåííûõ èçìåíåíèÿõ ÙÆ.

Äëÿ ìåäóëëÿðíîãî ÐÙÆ õàðàêòåðíû ìóòàöèè ãåíà
RET, êàê ñîìàòè÷åñêèå, òàê è ãåðìèíàòèâíûå [12].

Äåòåêöèÿ CNV

Ïîìèìî òî÷êîâûõ ìóòàöèé â ðåçóëüòàòå àíàëèçà ëè-
òåðàòóðû áûëè âûáðàíû 3 CNV, õàðàêòåðíûå äëÿ ÐÙÆ:
SCNA-22q-del, 9q21.3-q32 del, 1q gain [3].

Íà ñåãîäíÿøíèé äåíü äîñòóïíû èíñòðóìåíòû, ïî-
çâîëÿþùèå èäåíòèôèöèðîâàòü ñ îòíîñèòåëüíî âûñîêîé
÷óâñòâèòåëüíîñòüþ òîëüêî ïðîòÿæåííûå âàðèàöèè êî-
ïèéíîñòè (áîëåå 20 àìïëèêîíîâ) â äàííûõ òàðãåòíîãî
ñåêâåíèðîâàíèÿ (Ion Reporter, ThermoFisher Scientific).
Îäíàêî èäåíòèôèêàöèÿ íåáîëüøèõ âàðèàöèé êîïèéíî-
ñòè, çàòðàãèâàþùèõ íåñêîëüêî àìïëèêîíîâ, è ÿâëÿþ-
ùèõñÿ ñîìàòè÷åñêèìè âàðèàíòàìè, ÿâëÿåòñÿ áîëåå
ñëîæíîé çàäà÷åé, ïîñêîëüêó âûñîêà âåðîÿòíîñòü ñëó-
÷àéíîãî îòêëîíåíèÿ ïðåäñòàâëåííîñòè àìïëèêîíà, òî
åñòü âûñîêà âåðîÿòíîñòü ëîæíîé äåòåêöèè.

Äëÿ äåòåêöèè âûáðàííûõ CNV íà îñíîâå îöåíêè
ãëóáèíû ïîêðûòèÿ â ïàíåëü äîáàâëåíî 20 äîïîëíèòåëü-
íûõ àìïëèêîíîâ äëÿ êàæäîãî CNV. Äëÿ ïîâûøåíèÿ
ñïåöèôè÷íîñòè äåòåêöèè CNV ðàçðàáîòàííàÿ ïàíåëü
ñîäåðæèò äîïîëíèòåëüíûå ðåãèîíû, íà ãðàíèöàõ ñ öåëå-
âûìè ðåãèîíàìè, òàê íàçûâàåìûå «îïîðíûå àìïëèêî-
íû». Äîïîëíèòåëüíûå àìïëèêîíû ïîçâîëÿþò ñíèçèòü
âåðîÿòíîñòü ëîæíîïîëîæèòåëüíîé äåòåêöèè, òàê êàê âå-
ðîÿòíîñòü ñëó÷àéíîãî äîñòîâåðíîãî îòêëîíåíèÿ ïîêðû-
òèÿ íåñêîëüêèõ ñîñåäíèõ àìïëèêîíîâ íåâûñîêà. Áûëî
îöåíåíî îïòèìàëüíîå ðàñïîëîæåíèå ðåãèîíîâ ïî õðî-
ìîñîìàì 22, 9 è 1 ñ ó÷åòîì èõ GC ñîñòàâà.

Äåòåêöèþ CNV ïëàíèðóåòñÿ îñóùåñòâëÿòü ñ ïîìî-
ùüþ èíñòðóìåíòà CONVector ðàçðàáîòêè ÎÎÎ
«ÏÀÐÑÅÊ ËÀÁ» (https://github.com/parseq/convector).
Èíñòðóìåíò CONVector îöåíèâàåò ïîêðûòèå êàæäîãî
àìïëèêîíà âî âñåõ îáðàçöàõ, àíàëèçèðóåìûõ çà îäèí çà-
ïóñê ñåêâåíàòîðà. Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ
CONVector âûáèðàåò àìïëèêîíû, ïîêðûòèå êîòîðûõ
êîððåëèðóåò ìåæäó ñîáîé. Äàëåå ïðîãðàììà èùåò îáðàç-
öû, â êîòîðûõ ïîêðûòèå ïî êàæäîìó èç àìïëèêîíîâ îò-
êëîíÿåòñÿ îò îáùåãî ïîêðûòèÿ âíóòðè ãðóïïû êîððåëè-
ðóþùèõ àìïëèêîíîâ. CONVector âåðèôèöèðîâàí íà
êëèíè÷åñêèõ îáðàçöàõ äëÿ äåòåêöèè íåáîëüøèõ âàðèà-
öèé êîïèéíîñòè ñ âûñîêîé ÷óâñòâèòåëüíîñòüþ äëÿ äàí-
íûõ òàðãåòíîãî ñåêâåíèðîâàíèÿ, ïîëó÷åííûõ ñ ïîìî-
ùüþ òåõíîëîãèè AmpliSeq (ThermoFisher Scientific).
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Ðàñïðîñòðàíåííîñòü íàèáîëåå ÷àñòûõ ìóòàöèé ïî îñíîâíûì òèïàì
ÐÙÆ. ÏÐÙÆ — ïàïèëëÿðíûé ðàê ùèòîâèäíîé æåëåçû; ÔÐÙÆ —
ôîëëèêóëÿðíûé ðàê ùèòîâèäíîé æåëåçû; ÍÄÐÙÆ — íèçêîäèôôå-
ðåíöèðîâàííûé ðàê ùèòîâèäíîé æåëåçû; ÀÐÙÆ — àíàïëàñòè÷åñêèé
ðàê ùèòîâèäíîé æåëåçû.

Òàáëèöà 2
Îñíîâíûå ìåòðèêè èòîãîâîãî äèçàéíà äëÿ äåòåêöèè òî÷å÷íûõ ìóòàöèé è CNV

Íàçâàíèå è ID äèçàéíà

Âåðñèÿ Ampliseq Designer 5.4.1

Ðàçìåð ïàíåëè 62,49 ò.ï.í.

Ïîêðûòèå 99,59%

Ðàçìåð àìïëèêîíà 125—375 ï.í.

Êîë-âî ïàð ïðàéìåðîâ 221 ïàðà (â 2 ïóëàõ)



Ñ ó÷åòîì èçìåíåíèé äëÿ äåòåêöèè CNV áûë ïîëó÷åí
èòîãîâûé äèçàéí ïàíåëè äëÿ äåòåêöèè òî÷êîâûõ ìóòà-
öèé è CNV, îñíîâíûå ìåòðèêè êîòîðîãî ïðèâåäåíû
â òàáë. 2.

Ïàíåëü äëÿ äåòåêöèè ïåðåñòðîåê

Íàèáîëåå ðàñïðîñòðàíåííûìè ïðè ÐÙÆ ÿâëÿþòñÿ
ãåíîìíûå ïåðåñòðîéêè ñ ó÷àñòèåì ãåíà RET:
RET-CCDC6 è RET-NCOA4. Òàêæå ïðè ÐÙÆ îïèñàíû
äðóãèå ïåðåñòðîéêè ãåíà RET, â òîì ÷èñëå
RET-PRKAR1A, RET-GOLGA5, RET-KTN1, RET-TRIM24

è RET-TRIM27. Ïåðåñòðîéêè ñ ó÷àñòèåì RET âñòðå÷à-
þòñÿ â 10—20% ñëó÷àåâ ïàïèëëÿðíîãî ÐÙÆ. Ïåðå-
ñòðîéêè äðóãèõ ãåíîâ, õàðàêòåðíûå äëÿ ÐÙÆ, âêëþ÷è-
ëè PAX8-PPAR�, AKAP9-BRAF, ETV6-NTRK3,

STRN-ALK, EML4-ALK, CRTC1-MAML2, MACF1-BRAF,

TPM3-NTRK1, TFG-NTRK1, TPR-NTRK1 [13, 14, 15].
Ïåðåñòðîéêè PAX8-PPAR� íàáëþäàþòñÿ â 60% ñëó÷àåâ
ôîëëèêóëÿðíîãî ÐÙÆ [16].

Èç ïåðåñòðîåê, îïèñàííûõ â áàçå COSMIC, â òàðãåò-
íóþ ïàíåëü áûëî ðåøåíî âêëþ÷èòü âñå, âñòðåòèâøèåñÿ
õîòÿ áû â 1 ñëó÷àå ÐÙÆ (23 ïåðåñòðîéêè). Ñðåäè âêëþ-
÷åííûõ ïåðåñòðîåê íàèáîëåå ðàñïðîñòðàíåííûìè ÿâëÿ-
þòñÿ ñëåäóþùèå:

�CCDC6:RET (CCDC6 1 exon, RET 12-20 exon,
COSF1272)

�NcoA4:RET (NcoA4 1-8 exon, RET 12-20 exon,
COSF1492)

�NcoA4:RET (NcoA4 1-7 exon, RET 12-20 exon,
COSF1341)

�PRKAR1A:RET (PRKAR1A 1-7 exon, RET 12-20 exon,
COSF1512)

�KTN1:RET (KTN1 1-29 exon, RET 12-20 exon,
COSF1514)

�ERC1:RET (ERC1 1-11 exon, RET 12-20 exon,
COSF1508)

�GOLGA5:RET (GOLGA5 1-7 exon, RET 12-20 exon,
COSF1504)

�PAX8:PPAR� (PAX8 1-10 exon, PPARG 2-7 exon,
COSF1220)

�PAX8:PPAR� (PAX8 1-8 exon, PPARG 2-7 exon,
COSF1224)

�PAX8:PPAR� (PAX8 1-9 exon, PPARG 2-7 exon,
COSF1218)

�AKAP9:BRAF (AKAP9 1-8 exon, BRAF 9-18 exon,
COSF1017)

�ETV6:NTRK3 (ETV6 1-4 exon, NTRK3 14-19 ex,
COSF1535)

�TPM3:NTRK1 (TPM3 1-7 exon, NTR1K 10-17 exon,
COSF1330)

�STRN:ALK (STRN 1-3 exon, ALK 20-29 exon,
COSF1431)

�EML4:ALK (ELM4 1-13 exon, ALK 20-29exon,
COSF463)

�CRTC1:MAML2 (CRTC1 1 exon, MAML2 3-6 exon,
COSF1103).

Çàêëþ÷åíèå

Íàìè áûëà ñïðîåêòèðîâàíà äèàãíîñòè÷åñêàÿ ïàíåëü
äëÿ îïðåäåëåíèÿ 456 äðàéâåðíûõ ñîìàòè÷åñêèõ ìóòàöèé
â 25 ãåíàõ è äåòåêöèè 23 ãåíîìíûõ ïåðåñòðîåê, àññîöèè-
ðîâàííûõ ñ ÐÙÆ. Ïàíåëü ïðåäíàçíà÷åíà äëÿ îïðåäåëå-
íèÿ ìóòàöèé â èçâåñòíûõ íà ñåãîäíÿøíåé äåíü äðàéâåð-
íûõ ãåíàõ ïàïèëëÿðíîãî è ôîëëèêóëÿðíîãî ÐÙÆ, ìóòà-
öèé, õàðàêòåðíûõ äëÿ íèçêîäèôôåðåíöèðîâàííîãî,
àíàïëàñòè÷åñêîãî è ìåäóëëÿðíîãî ÐÙÆ, ðåäêèõ ìóòà-
öèé, îïèñàííûõ â ëèòåðàòóðå, à òàêæå ãåðìèíàòèâíûõ
ìóòàöèé, àññîöèèðîâàííûõ ñ íàñëåäñòâåííûì ìåäóë-
ëÿðíûì ÐÙÆ.
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Design of targeted gene panel for molecular diagnostics of thyroid cancer
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Thyroid cancer is the most common endocrine malignancy. The key approach for thyroid cancer diagnosis is cytology of fine nee-
dle aspiration biopsy (FNA) samples. FNA specimens have indeterminate cytology in 20—30%. This results in wrong clinical diagnosis
and impropriate treatment strategy. Currently known mutations describe vast majority of thyroid cancer cases. Detection of the driver
mutations is supposed to improve diagnostic accuracy. The aim of the work is to develop next-generation sequencing based diagnos-
tic panel for thyroid cancer. The analysis of the English-language literature, COSMIC database (DB), as well as results of the research
project the Cancer Genome Atlas was performed. In total, 456 point somatic mutations in 25 genes, 23 genetic translocations, and 3
copy number variations (CNV) mutations were identified. Using AmpliSeq Designer, 2 Custom Panels were created — for the detec-
tion of point mutations, small indels and CNV (1) and for the detection of translocations (2). The custom Panel for the detection of
point mutations, small indels and CNV contains 221 primer pairs in 2 pools, covering 99.59% selected targeted regions. The design
also incorporated the regions of the RET gene for detection of germline mutations associated with hereditary medullary thyroid can-
cer. RNA Gene Fusion designs tool in AmpliSeq Designer was used to design the Panel for the detection of 23 translocations.

Key words: targeted panel, somatic mutations, genes, translocations, genetic diagnostics, thyroid cancer, KRAS, NRAS, BRAF,
PTC
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