HEEKEESFE 2026; 22(3)

—% B
RAS/MAPK EEBICOVT

HABE B S

#s =

RAS/MAPK #iZ, BN 7 F VR EOTHRIZE
W, K5Fm Gy 8B TH D RAS OIFEAL &
L L, RAF, MEK, MAPK twwo 72 Fion s v 378
VAL EER ANEKIG AL S N MBS 7 F W mERR s ©
bHb. KEEHZ, MILOBM, 51, 7RV, Eib
SRR BRI B TEELRSE ZHS TV oL
J4ETIE, RAS/MAPK BEoOHIMEME LT, v Bt
Wz, 7Sk, SUMOL, 2 FF v {Lth 0%
MR BHi oM S, #EFRIENEN LT 14—
BNy 7 EEOGFENH SN E 2 Y, ZOHBEA Y b7 —
7 DEMREDIR A IRHE oD B 5.

RAS/MAPK #2135 RAS ®° RAF 7% LI 2SA
F#EFE LTRSMLNTWAA, IhooMiEfIE
U % SR 70 28 SRR R 2 R IS IG (L 8 &, RAS/
MAPK JiE 8 (RASopathies) & #5853 e K A EIE
B DK & 72 5. RASopathies i, J§ K&z F R i IR
RIZIDE, FRHHENERE T8, Noonan JEMEHE, Costello
JEMERE, cardio-facio-cutaneous (CFC) JEMEHE % &2 508
SNb. Ihoid, REE, JEBNER, R, RHRE
WEV o HMIERITIMA, MAFEEERLAMA~XZ b7
L7 EOREAMAESER 2 el L TR 55 RIS OIRE
WZoWTUE, BBIIR TP PASIE R0 3 Hh BB R B 22 & D SE R
P03 .75 RASopathies B OF) 60% ICRO SN L. &
72, MERBLDAGAE LR 18% TR b, R4 LIRED
BT 2 BBEDHFIET LY. S 518, MWIGEEICOWT
¥, RAS/MAPK MO TROBIETEARTHLHIILEHE
LT BN HE SN TWDS. BEDEZ A, HEELE
AR RERAENE 2 529 2 ke RRAE T AE T 2B 12 0 & MEK
EHEOFHANL L OFTRBINTY S, o
RASopathies D HEHEIIIIEREICR S NS, LA LA
5, Noonan fiEfEhE, CFCEMEOWBFIIOVTIL, IR
DBERET— o B WIERICH LT MEK BLESE 0 F R PEA
wmEINh o Z0—7) T, RASopathies @ F5 i i
FOERISH T 2 HBERZ, WELHSICHLER TV
W, JEEE, RASopathies BE B L " ZF0niEH X, HEH
ANRY & T MERYE - FLIRAET O RIED 5 AL SIS IR
THRMNAREZ TS, FLT, TOARIIEEL X
OR#EFH D QOLIE TIHBEL T b e i ShTs
O, BRI R EFEEFUES TS5 KR T,
RASopathies ® W T b JRICEE 2 i EERZ 29 5
CFCHEMEIICOWT, DR EEB LT T VEY
W Z I T 5.

233

CFC #E 5 #13, RAS/MAPK %8 % Hi . 3 % BRAF,
MEK1/2, KRASO #Iz T AR FHK L L, #ET 2
RASopathies DJFREICM z, HBEBESLEESVE V5
WANG, IREHY RS, FiSIRIKT, TADA, FLEMRZR &
SR ERERERT LI ERRE SN TVLY KBl
DBRFELZDO VBT HIHER LS XL T 5 %%, MEK
BHESE b 9 2 F =712 & 2 MR YEFLEER 2 CA D ACH T
DA HE SN TV B, L Laeds, ZhAbD
T F 72 CFCEMERE O B FEEAE 72 & R AR
RISHT 2B IOV TE o ARBREHT SR Tuiwn

CFCHEMHE D5 T MO A HE LT, CFCIEMR
HEOLPTEBEICED 5N 5 F BRAF Q257R Z5%(2
M4 5, ¥7 X BRAF QIR ZEZIREN 548 T
HKR S~ 7 AR S WRNIASEA TRD. Zox Y
AlE, FEEAE, HEHBEEE, OERREKE, 072k
Wl WLE ORI L Y, CFCIEMEEIHML 72 £BIR
Y. E o, RS ICHI S 2 B & DT, ATEIRAT
POFBEENERENTVS., THODEENS, (il
ENv 213 CFCEBBEDH MR EF VI A TH B
LEZLNTWD., —HT, BELERLAEREOEY
PEDREITEHEL RITL, ArT LoFEEETDH
BUREMEARI S T W, 2Dk, ZOIAARL
T EEICEH L, 28O BRAF 2SRRI~ 21T
FTREEWMET 5720, BAEOMBHIIEERIC BRAF
QAUIR #HBLE R I AL ENT WS, ZDOX Y
A3 EHTOHEL P REE BT, [THFEN CHEERE
PR ENTVES N bHDHIEIL, BRAF Q241R 0%
HRABBICIBT 2 RABERET LY S, KAHO
MRRPERE B A T TR 2R L, CFCEMREE DK
FRREIRIC DOV TIE, - THRE 2 AN & L 72 383 4
AN heETXLWREEZRIB LTV EFVEE
F\ 7z CRC EBEREOWEFRIIZE L L TIE, BRAF G596V %
BERBTLET T 74 v ¥ aR49o BRAF Q241R
TRy 2B WT, MEK HERTHLI NI AF =T
DA T R E O G OWHICHR TH B 2 & |G
ERTVE™ L Lad s, AR IR % Y
TRBFRIMRRE LTIRON TV S, MR %
BYNFHMETE 2EFIVE LT, i Omag oMt
FERIZ BRAF Q241R ZRZ B2~ A2 Wiz
HBEEICT T HHEBENROMAPEEIC AL EEZ LR
5.

4%, RASopathies 12 B89 % WF5E O IR PE 5 (A
DOFEAZ X Y, BERZZT T  FMRE RO UGE %
WMUT, BEBLOZOMEZD QOL ] LIZDO%H 52
LRI NS,

Conflict of Interest : /R REFIESAH L% L.

E-mail: a-moriya@nms.ac.jp
Journal Website (https://www.nms.ac.jp/sh/jmanms/)



234

10.

11.

12.

13.

X ®

Malumbres M, Barbacid M: RAS oncogenes: the first
30 years. Nat Rev Cancer 2003; 3: 459—-465.

Kubota Y, OGrady P, Saito H, Takekawa M:
Oncogenic Ras abrogates MEK SUMOylation that
suppresses the ERK  pathway and cell
transformation. Nat Cell Biol 2011; 13: 282-291.
Steklov M, Pandolfi S, Baietti MF, et al.: Mutations in
LZTRI1 drive human disease by dysregulating RAS
ubiquitination. Science 2018; 362: 1177-1182.
Bigenzahn JW, Collu GM, Kartnig F, et al. LZTR1 is
a regulator of RAS ubiquitination and signaling.
Science 2018; 362: 1171-1177.

Li Y, Xu W, McBurney MW, Longo VD: SirT1
inhibition reduces IGF-1/IRS-2/Ras/ERK1/2
signaling and protects neurons. Cell Metab 2008; 8:
38-48.

Lake D, Corréa SAL, Miiller J: Negative feedback
regulation of the ERK1/2 MAPK pathway. Cell Mol
Life Sci 2016; 73: 4397-4413.

Leguay K, Kent OA: Dynamic coupling of MAPK
signaling to the guanine nucleotide exchange factor
GEF-H1. OncoTargets Ther 2025; 18: 147-159.
Tidyman WE, Rauen KA: The RASopathies:
developmental syndromes of Ras/MAPK pathway
dysregulation. Curr Opin Genet Dev 2009; 19: 230—
236.

Cesarini L, Alfieri P, Pantaleoni F, et al: Cognitive
profile of disorders associated with dysregulation of
the RAS/MAPK signaling cascade. Am ] Med Genet
2009; 149A: 140-146.

Geoffray MM, Falissard B, Green ], et al: Autism
spectrum disorder symptom profile across the
RASopathies. Front Psychiatry 2021; 11: 585700.
Albakri A: RASopathy-associated cardiomyopathy.
Int Med Care 2019; 3: 1-13.

De Brouchoven I, Lorand ], Bofferding L, Sorlin A,
Van Damme A, Danhaive O: Trametinib as a
targeted treatment in cardiac and lymphatic
presentations of Noonan syndrome. Front Pediatr
2025; 13: 1475143.

Leenders EKSM, van den Brink VC, Kleimeier LER,
et al. Targeted therapy for complex lymphatic

14.

15.

16.

17.

18.

19.

20.

HEEKEESES 2026; 22(3)

anomalies in patients with Noonan syndrome and
related disorders. Int J] Mol Sci 2025; 26: 6126.
D'Onofrio G, Delrue MA, Lortie A, et al: Treatment
of refractory epilepsy with MEK inhibitor in patients
with RASopathy. Pediatr Neurol 2023; 148: 148-151.
Elizondo EM, Floyd AM, Foy AMH, et al. Patient
and caregiver perspectives on neurodevelopmental
and mental health care for RASopathies. Ther Adv
Rare Dis 2026; 7: 1-19.

Pierpont MEM, Magoulas PL, Adi S, et al. Cardio-
facio-cutaneous  syndrome :  Clinical  features,
diagnosis, and management guidelines. Pediatrics
2014; 134: e1149-e1162.

Moriya M, Inoue S, Miyagawa-Tomita S, et al.: Adult
mice expressing a Braf Q241R mutation on an ICR/
CD-1 background exhibit a cardio-facio-cutaneous
syndrome phenotype. Hum Mol Genet 2015; 24:
7349-7360.

Moriya A, Inoue S, Saitow F, et al. Q241R mutation
of Braf causes neurological abnormalities in a mouse
model of cardio-facio-cutaneous syndrome,
independent of developmental malformations. Hum
Mol Genet 2025; 34: 418-434.

Anastasaki C, Rauen KA, Patton EE: Continual low-
level MEK inhibition ameliorates cardio-facio-
cutaneous phenotypes in zebrafish. Dis Models Mech
2012; 5: 546-552.

Inoue S, Takahara S, Yoshikawa T, et al. Activated
Braf induces esophageal dilation and gastric
epithelial hyperplasia in mice. Hum Mol Genet 2017;
26: 4715-4727.

(%A - 2026 4:4 H 24 H)
(B 2026 45 H 25 H)

HARRRIRFE AR, Amsicxt LT, 2V A 5747 -
€ ¥ X%~ 40 EEE (CC BY NC ND) 91 &~ & (https://
creativecommons.org/licenses/by-nc-nd/4.0/) ZFM L7z, 5
1y AFHAHED, TRXTOMLOFEEMHICIOVTIE, HARE
BRZEEAEWREETLLDETE. SV ARG Ehiz
IOV, FEFHNOYE, TOmXN s LYy b
FRT B L LR, TRTOFD, Fyru—F, ZRfl
FH, L FEIR, A 24T S &SRS,




