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HacaeacTBeHHbIe CHHIPOMBI

Ha3spanue I'en Manundecranus Jlpyrue BapuaHThI
MaHudecTanun

MEN1 MEN1 TapaumroBunas xenesa (> 90%), XKKT n AJIPEHOKOPTHKAJIbHBIE OITyXOJIH
nopKenyoyHas xenesa(50%), nepennuii runodus (30%),
nerkue u tumyc (10%)

MEN2A (FMTC) RET WMTOBMAHAA Kene3a (90-100%), mo3rosoe BeLLECTBO
HagnoyeuHnkos (20-80%), napalmToBUaHanA Kenesa
(20%)

MEN2B RET NapaluToBnaHan enesa, WUTOBUAHAA enesa (100%), |MapdanonogobHas BHEIIHOCT
MO3rOBOE BELLECTBO HagnoYeyHnKos (50%)

MEN4 CDKN1B MapawmToBnAaHanA Xenesa, NoAxeNyAo4Han xenesa,
runodus

Neurofibromatosis type 1 NF1 Mos3roBoe BelLecTBO Hagno4eyHnKa (1-5%), Heiipodubpomaros
[BEHaALATUNEePCTHAA KULWKa

\von Hippel-Lindau VHL Mo3roBoe BeLLecTBO HaAMOYeYHUKOB U CUMNaTUYecknue  [FemaHrnobnactoma, pak nouku

raHrum (15%), nopskenypouHas kenesa (10%)

Familial PGL 1-5

SDHA-D, SDHAF2

CMmnaTuyeckaa u napacumnaTMyeckan naparaHrama,
MO3roBoe BeLecTBo Haano4e4yHNUKoB

T'CO, pak nouku

Familial PCC and PGL syndromes

TMEM127, MAX, FH, MDH2

Mo3roBoe BeLLeCTBO HaAMNOYeYHUKOB, CUMNATUYECKUE
raHraumn (TMEM127 30%)

Polycytemia paranganglioma syndrome |EPAS1 CMMnNaTUYecK1e raHrImM, MO3roBOE BELLECTBO IMonuuuremus
HaZANo4YeYHUKa, ABEHAALATUNEPCTHARA KULLIKA
Tuberous sclerosis complexes TSC1, TSC2 Tomkenynousast xenesa Tamaproma
HPT-JT Syndrome HRPT2 AZleHOoMa napalmToBUAHBbIX Kenes (80%)
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CHHIPOM MHOKeCTBEHHOH YHAOKPHMHHONH HeomJa3uu Tum 1

TGFf/BMP Missense Mutation(n=5)

118del35/insGGCCT Inframe Mutation (n=3) ) (n=8, 30%)
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363insT Y341X || 1265insG | | S543X
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Gene Gene function Chronological classification Organ specificity

ATM Chromatin integrity Unknown Pancreas

ATRX ALT Late Pancreas, adrenal medulla, paraganglia

CDKN1B Cell cycle Unknown Pancreas, small intestine, parathyroid, anterior pituitary

DAXX ALT Late Pancreas

EPAS1 Cell signaling Early Paraganglia, adrenal medulla, duodenum

H-, K-RAS Cell signaling Early Thyroid C-cell, adrenal medulla

FH Metabolism Early Adrenal medulla, paraganglia

KTMD2 Chromatin modification Unknown Adrenal medulla

MAX Cell signaling Early Paraganglia, adrenal medulla

MDH2 Metabolism Unknown Paraganglia

MEN1 Unknown Early Parathyroid, anterior pituitary, endocrine cells in pancreas, duodenum,
gastrium, lung, thymus

NF1 Cell signaling Early Adrenal medulla, duodenum

RET Cell signaling Early thyroid C-cell, adrenal medulla, parathyroid

SDHx Metabolism Early Paraganglia, adrenal medulla

TERT promoter Telomere maintenance Late Paraganglia

TMEM127 Cell signaling Early Paraganglia, adrenal medulla

TP53 Chromatin integrity, Cell signaling Unknown Endocrine pancreas, adrenal medulla

TSC1-2 Cell signaling Unknown Pancreas

YY1l Transcriptional regulation Early Pancreas

https://eje.bioscientifica.com/view/journals/eje/174/6/R275.xml
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I'enernyeckue HapyuieHHsl IPU HeHPOIHIOKPUHHBIX OITYXOJISIX

Pulmonary
carcinoids
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Andrea Mafficini et al, Journal of Endocrinology, Volume 236: Issue 3, https://doi.org/10.1530/JOE-17-0560
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Type of molecular
alteration

I'enernyeckne Hapymenus npu HIO jerkmx

Carcinoid

LCNEC

scLc®

Cell Cycle mutations
RAS/MAPK pathway

PISK-AKT-mTOR pathway:

Oxidative stress response:
Cell migration/adhesion:

Neurogenesis/endocrine
differentiation:

Epigenetic regulation:
Chromatin remodeling
SWI/SNF complex
Histone (methyl/
acetyl) transf
E3 ubiquitin-protein
ligase

Amplifications

Deletions

Commonly altered
pathways

Advised routine screening

TP53 (5%), RB1 (2%), APC (4%)
KRAS (3%), EGFR® (2%")

PIK3CA (2%)

MENT (11%), EIF1AX® (9%),

PSIPT® (5%), MLL2" (3%),
MLL3® (5%), ARIDTA (6%),
ARIDZ (2%),

SMARCA4 (3%), SMARCB1 (3%),

SETD1B” (5%),

HERC2® (5%), SEC31A” (5%),
WDR26% (5%)

RB1* (6%), TP53° (3%)

Chromatin remodeling

TP53 (81%), RBT (33%), ATM (4%)

STK11 (18%), KRAS/NRAS/HRAS (11%),

ERBB4 (6%), BRAF® (2%), EGFR" (2%)

PTEN (5%), PIK3CA (3%), NF1 (5%),

INSR (3%), TSCZ (2%), RICTOR (2%)

KEAPT (21%)

ADAMTS12% (20%), ADAMTS2?
(15%), EPHAS" (7%), FAT1 (6%),

GAS7® (12%), NTM™ (10%), PCLO
(5%), PTPRT™ 10%, CSMD3" (7%)

NOTCH family: NOTCHT (10%),
NOTCHZ (4%), NOTCH3 (4%),
NOTCH4 (8%)

MENT1/PSIP1 (3%), ARID1A/B (9%),

MLLT (3%), MLLZ (9%), MLL3 (8%),

ATRX (4%)

SMARCA4 (5%),

CREBBP/EP300 (7%)

NKX2-1 (14%),

MYC family: MYC (7%), MYCL1T
(9%) and MYCN (1%)

FGFR1 (3%), SOX2 (3%), IRSZ (3%)

RB1 (9%), CDKNZA (6%)

Cell cycle control, oxidative
stress response,
neurcendocrine
differentiation, PI3K and RAS
signaling, chromatin
remodeling

BRAF (2%),” EGFR (2%)~

TP53 (92%), RB1 (75%)
BRAF (1%), KIT (6%)

PTEN (5%)

NOTCH family (25%):
NOTCHT (15%),
NOTCHZ2 (5%), NOTCH 3 (9%)

EP300 (11%), CREBBP (10%)

MYC family: MYCLT (9%),
MYC (6%) and MYCN (4%)
S50X2 (27%), FGFRT (8%)

RB1 (13%), TP73 (7%),
CREBBP (4%), PTEN (4%),
RBL1 (3%)

Cell cycle control,

PI3K signaling,
neuroendocrine
differentiation

Erratum to: Derks JL, Leblay N, Lantuejoul S, Dingemans A-M, Speel, E-JM, Fernandez-Cuesta L. New insights into the molecular characteristics of pulmonary carcinoids and large cell neuroendocrine carcinomas, and the impact on

their clinical

J Thorac Oncol. 2018;13(6):752-766.Journal of Thoracic Oncology, Volume 13, Issue 8, August 2018, Pages 1229
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article/pii/S0090429514000405; https://www.medscape.com/viewarticle/571408_3
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REVIEW

The Molecular and Clinical Landscape of Pancreatic
Neuroendocrine Tumors

Bhavina D.O. Batukbhai, MD* and Ana De Jesus-Acosta, MDY

Abstract: Pancrestic neurocndocrine umors are rare tumoes of the pan-
angerhans.

%103
unique hetcropencity in climical prescotation. Whole-genome sequencing

Pancreatic NETs mostly occur sporadically and occasionally
in association with other genctic syndromes such as multiple
endocrine mnplaﬂvl(MlN)symhIrn Von Hipple-Lindau syn-
drome, tuberous sclerosis (complexes 1 [7SC7] or 2 [7SC2]), and
ncurofit c-1.* ' Familial syndromes account for less
than 10% of all the cases and ar charactcrizod by an inheritod del-
ctcrious germline mutation in a tumor suppressor gene that leads

Key Words: pancreatic neurocndocrine tumar, panNICT,
molecular biology, signaling patiways, checkpoints,
(Pancroas 2019:48:9 21)

curoendocrine tumors (NETS) are tumors arising from the
neuroendocrine tissues of the upper respiratory tract or gas-
trointestinal (GI) tract. When oniginating from the iskets of the
s in the pancreas, they arc called pancreatic NETs
(0anNETs) Of all newly diasnoscd pancreatic cancers ever vear.

neurocn-
ongans, leading to the ‘maltiple tamors.
With the advances in molecular biology and information

the pathophysiology of these tumors and help develop tangeted
therapics as potential treatment modalities. In this review, we will
provide a comprehensive summary of the current knowledge of
signaling pathways involved in the tumorigencsis of panNETs.
We will describe studies tang these pathways at prechinical
and clinical level. This will help to foster and develop further
treatment stracgics.

B.D.O., & De J Acosta, A. (2019). The
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