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BrisiBiienue MYTAIMOHHBIX MAPKEPOB IPH paKe IIIPITOBHI[HOﬁ
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I'eneTHKa paka HIMTOBHIHOM KeJIe3bl
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Pa3imyHble BApHAHTHI PaKa IIUTOBUIHOM KeJie3bl
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Meay/uisipHbId paKk MUTOBUIHOM KeJie3bl

3aboneBaHne denotun Myrauuu Knunnka
Cropagu4yecKuit RET (okomno 50%), HRAS, NRAS Myrarmus B reue RET M918T
MPIDK i KRAS (0 43%); peaxo accoLuupyercs ¢ 6os1ee arpecCHBHBIM
mytaruu B KIT , MET, TeYeM
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(enorun 6oxee ueM Ha 95%, B peaKux 6osee arpecCHBHBIM TEUECHUEM, YeM TIPH
ciyqasx mytanun RET A833F myrtaruu RET A833F

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5512163/

05.11.2019


https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5512163/

MenyLisipHbIii paK HIMTOBUIHOM Kesle3bl

Medullary Thyroid
cancer (MTC)

Genetics

RET Mutations
including:
C618X
C620X
C609X
E768D
m V804L

S891A
M918T
- A883F
V804M
Y806C

HRAS
KRAS
RET (Glu632, Leu633, M918T

mutations)

Khatami F. et al, Iran. Biomed. J. 22 (3): 142-150 DOI: 10.22034/ibj.22.3.142
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IanuaasipHblil paKk IMTOBUIHOM KeJie3bl

DyHKUIHs

MAPK curnaiabHsli myTh

PIBK/AKT/mTOR

CUTHAJIbHBIN My Th

PIBK/AKT/mTOR
CHIHAIIbHBII Iy Th

Tnepeaya CUrHajioB B KIETKE

XpOMOCOMHBIE IEPECTPOHKI

RET

THPO3UHKMHA3HBII
TpaHcMeMOpaHHbIiT peLenTop

Myranuun

B-type Raf Kinase (chr 7) 2 Missense mutation
V600E (T <A 1799), rs113488022

E545A

N/A

H-Ras (chrll), N-Ras (chrl), K-Ras (chrl12)

Rearrangements: RET/PTC1, RET/PTC2,
RET/PTC3, RET/PTC4.RET/PTCS,
RET/PTC6, RET/PTC7,RET/PTCS,
RET/PTC9, PCM1-RET, EKLS-RET, FKBP-
RET, RET-ANK3, TBL1XR1-RET, AKAP13-
RET, ERC1-RET,HOOK3-RET, SPECC1L-
RET, ACBD5-RET, ARFP-RET

https://molecular-cancer.biomedcentral.com/articles/10.1186/s12943-018-0866- 1/tables/2

Hapymenne

HapyIIeHHe aKTHBALHH
CHTHAJIBHOTO Iy TH

HapyuICHUEC aKTUBallUN

CUTHAJIBHOTO IIYTH

HapylIeHUue aKTHUBallun
CUTHAJIBHOTO ITyTH

HapyILIeHHe aKTHBALIHH
PI3K-AKT curxanbHoro
nyTH

napymenuss MAPK u
PI3K curHanpHBIX MyTeH,
YXOJ1 OT aronTo3a
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IManuansApHbIA paKk IUTOBUIAHOM Kejle3bl
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AHAIUIACTHYECKHI PaK INMTOBHAHOM KeJie3bl
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Bapuantel myTauuii rena RET

MEN2A u CMPLIK CMPULIK MEN2B MPHIK
RET MyTanuus BHEKICTOUHOTO Myrauus Myrauus KHHa3HOTO TpaHcnokanus reHa ¢
UKW THIT JIoMeHa BHYTPHKIIETOYHOTO JlOMeHa oOpasoBaHHeM
JIOMeHa XHMEpHOro Oeika

RET-PTC

1

JIurana-3aBucuMas Jlurauu- AxTHBanus Turang- KoHncrurynmonnas
aKTUBAIWS, HezacuMast MOHOMepa 6e3 He3aBHCHMAs aKTUBALMA,
pacnonaraercst Ha JUMEpU3aLus U JIMraHjaa aKTHBALLIS KaK pacrnonaraercs B
MCM6paHe AaKTHUBaL s MOHOMEpa, TaK OUTOIIa3Me

W auMepa

Nature Reviews | Cancer]

http://www.nature.com/nrc/journal/v14/n3/pdf/inrc3680.pdf
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Myrtanumu B cemeiictBe reHoB RAS

Penentops! Kierounoii Memopansl (RET)
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XpomocomHasi nepectpoiika PAXS8

DNA-binding domain Activation domain

* R — — PaxB
PPARG (3525) . .
=
sequence e e
shortened DNA»binqing Ligand-binding
domain domain
PPFP
|
[ Pax-8 } { | {PPAR-y } Z
L J L J
DNAbinding DNA-binding Ligand-binding
domain domain domain

http://www.nature.com/nrendo/journal/v10/n10/abs/nrendo.2014.115.html|

- FPAR

15

PI3K/Akt/mTOR curna/jbHbIi IyTh

* Peuenrops! ki1erounoit memopanst (RET)
Knerounas memOpana
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I'ensl AKT, PI3K u PTEN

p.Asn229Ser P-A'Q‘IesTfP
AKT3 |l PH | | F’m | Cterminal |
| |
1 p.Asp219Val 479
p.Gly373Arg (11)
|
1 728
p.Cys378Tyr p.Ala1035Val (2)
p.Gly364Arg p.Glu545Lys p.Thr1025Ala |p.Gly1049Ser
p.Glug1Lys p.Glud53del (2) p-Glu72|6Lvs (3) p.Glyg14Arg (4\
PIK3CA l elica L nase :
i froeg
p.Arg88GiIn (2) p.Glu365Lys /Me n%g%"a\
p.Tyr1021Cys p.His1047Tyr (2)
Cys-71 Cys-124 CIFDQPD
PTEN ~— I < N C T ! =
- Phosphatase Aan c2 i “aas
http://www.nature.com/ng/journal/v44/ng/fig_tab/ng.2331_F3.html, http://www.biochemj.org/content/382/1/1
T'eHeTH4ecKkue HCCJIAEeA0BAHUSA paKa HIUTOBUIHOHU KeJIE3bI
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MouJiekyasipHasi KjaaccupuKanus paKka NUTOBUIHOM Kejle3bl

PTC (TCGA project)

WDT-UMP
= RET fusion (10%)
- NRAS (149%)

BRAF-like PTC

* BRAF WGBDOE (B4%)
« BRAF fusion (3%
= RET fusion (9%)
* MET fusion (0.4%)

NIFTP

- RAS (30-50%): MRAS,
HRAS, KRAS

= BRAF KG01E (32%)

= THADA fusion {10%)

= TERT promoter (9%)
* ALK fusion (1%)
* NTRK1/3 fusion {195}

FT-UMP
* NRAS (13%), HRAS (7T3%)
= PPARG fusion (79%)

RAS-like PTC
« NRAS (209%), HRAS (129%), KRAS (3%)
- BRAF KBGOD1E (4%)

* EIF 14X (4%)

« PTEM {0.5%)

= PPARG fusion (3%)

- FGFR2 fusion (2

Accumulation of

mutations

HRAS, KRAS
= BRAF KEOME
= EIF1AX (7%}
= PTEN (5%), PIK3CA {5%)
= PPARG fusion (B%:)
= Clonal cytogenic
aberrations (50%)

FTC

- RAS (30-50%); NRAS, HRAS, KRAS
= PTEN (<10%). PIK3CA (<109%)

* PPARG fusion (20-30%)

- TERT promoter (20%%)

= BRAF KB01E, EIF1AX, EZH1

* Cytogenetic change (65%)

TP53, TERT promoter, CTNNB1, =

PDTC
ATC

PI3K. Akt, mTOR pathways,

Histone methyltransferases,
Mismalch repair ganes,

SWISNF chromatin remodeling complex

Hyperfunctioning FA
- TSHR or GMNAS (70%)
= EZH1 (27%)

st L

HCC
= MADCAM1 (20%), EIF1AX {11%

- TERT promoter (22%)

* RASIRAF/MAPK and PIZK/AKT/mTOR pathway genes (55%)

= Epigenetic-modifying genes (59%)
- DA damagelrepair ganes (38%)
= Mitochondrial genes (71%)

= Chromocsome 5 and 7 duplications, widespread loss of heterczygosity,

» In-frame gene fusions

1. UBXN11 (992), NRAS (9%), FAM1T1B (7%), HRCT1
(T%), DLXE (4%), OR4L1 (4%:), ATXN1T (4%%), POMZP3 (2%), FRG2EB (2%).

19
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TapreTHaﬂ TEpanusd 1pu pake IIMTOBHIHOM KeJie3bl

RET fusions:
LOXO-292
BLU-667
RXDX-105
NTRK fusions:
entrectinib
larotrectinib
LOXO-195
ALK fusions:
crizotinib
ceritinib
entrectinib

everolimus
temsirolimus

MLNO128

Receptor Tyrosine Kinase (RTK)
VEGFR1-3, RET, FGFR1-3

vemurafenib

cobimetinib
trametinib
selumetinib
RO5126766

Growth, Survival, Invasion

| =3 dabrafenib
PLX8394
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