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FIERSCE, SHOC2 51 D% 5472388 7 Noonan JEMERFOIERI T, feHi—BhRDYLEZ 588 TIEHI D
T»H% V. Noonan JEERHC IV TIE, PTPNII, SOSI, RAFI, RIT1 7% 212 < 5, SHOC2 {5 i< & % Noonan
FERRREGBHE MK <, BRIRIICIE, FIE S TR T VEE & ERIVE VA 2Z R & Uz Noonan-like
syndrome with loose anagen hair &FHINZIEENRHNTH 5. F7z, Noonan JEMERHCHBNT, HBIIRILIER:
SR DIEVE DD, FHICHHFT S T EDHISN TS, Noonan FEMRRFE 1,000~2,000 Aic 1 AL HEMNE <,
DREDEHN 50~80%H 2 728, /NETEREGIKEDZRICBNT, HENEET 5 EDNZWIEREFTH 5.
C T T, Noonan EMEREDEL 25 L OIMERBDBHIC OV TS 5.

RAS/MAPK #22& & RASopathy o=

Noonan JEERE T IRAICHIKEE T & UT PTPNII DVRE SN TLUOR, SOSI, RAFI, RITI /5E, T£TXk
BATMEERREMLRTFE LTHESNTE 2. INOS OB FISMEOEEE, »ft, 477, EHCBEEd e
W 7 F I RiERRE Tdh % RAS/IMAPK BFEKICEENS, F2I3BET 2857 TH 5. RAS/MAPK &I Al
NS DRER T, YA M4y, FIVEVEEDRMICK>T, LT 2—RoFusvFr—ENY gk
L, b2 IicthE 3. WICR2 ) HY R LT 2 —IcHEBd 58, GRB2IEEDT X T Z—EFEHMNY
7)b— k&M, SOS 7 £ RAS-GEF (guanine nucleotide exchange factors) &3 {A%ZERd %. RAS-GEF &,
JEIGHERICH % GDP #EE7 RAS 7%, MR TH D GTP #EE7 RAS ICZ T 2 GEAF5 D, T OREMHI RAS 7Y,
RAF Z75ME b, X 51, MEK, ERK V) V{23200 TiftE b9 2 K51k 5. U VB kS N/z ERK DAL
LT, Mgty S ORI E FOFEBFEIC L > Tw L 2 (Fig. 1.

T Lie—#lD Y 7 IVIREIC R 2 & 7o 3 R IERE 25413 RAS/MAPK JEMRRE, & %I RASopathies &
IERE 51> TETULS >, RASopathies IC & M % ¥ & L TId Noonan JEREEDE AT, Noonan JiF {2
HEDOKRGBNER S, 2FHMEETZ1E S Noonan JEMERE (LLHi1X LEOPARD JE{#ERE & FEIE LT U /2), Car-
dio-facio-cutaneous (CFC) JEf##E, Costello JEMRRER ENBITEND. TNESDEETIE, ERERTEHESD
Noonan JEMERFIC ) % PTPN11, RAF1, CFCEMRREIC I % BRAF, MAP2K1/2, KRAS, Costello SEMEREIC T %
HRAS 75 & DZERPREE N TS 2P, ZDIFMIC, HHEHMEET 1 TSN TH % GTP #A% RAS 7 Ik
MHITdH % GDP 5% RAS ICZE 9 % RAS-GAP (GTPase-activating protein) Td % NFI DRI K > TiieT
D, —HEBOREHIT Noonan JEMREIREDIEIRZ R 2 &WH D, ZDHE NF-Noonan JEIREEEMHENS.

— T, HEIRBYIC Noonan JEMRAEZEEL, BEHIOBIZFICDOWTERN 21T 2856, M5 D2 HAVH]H
T 5HEE 60~70%TH D, SHEFHOEBICEE L BT HEES NS TREEND 5. FEE, 2014 FFLIF
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Fig. 1 The RAS/MAPK pathway and related gene in RASopathies

Shaded circles indicate the molecules associated with Noonan syndrome or Noonan syndrome-like phenotype. RAS
includes HRAS, KRAS, MRAS, NRAS, RIT1 and RRAS. Among them, mutations in R/T1, KRAS, MRAS, NRAS and RRAS
were reported in Noonan syndrome or Noonan syndrome-like phenotype. RAF includes BRAF and RAF1. Mutations in
RAFT1 were also reported in Noonan syndrome. Although BRAF is known as a causative gene in CFC syndrome, some
patients with mutations in BRAF show Noonan syndrome phenotype clinically.

T& RRAS, LZTRI, RASA2, A2ML1, SOS2, PPP1CB, MRAS 75 ¥ O HEEG I RE TN TWBD, SEFIEE Dk
<, WEFREOKENMEHINTHEVEDEZWN

Noonan FEZED.OMERE L E-FER EDEE

Noonan FEMRREIC 35T 2 0iME R & UTEMBIRAPAE (20~50%), O HFRRIEAE (10~20%), AEAE
DFE (10~20%) 7 EMHEDO@BNEDE LTHITFOENS. Fiz, HEDKWE D &L U TRIARFIASDKE
IRFPSRFF, MIEAEREZEDOMEE, 77 0—UEEDOEHRRIEE, £ U TAHIGERD X 3 ISE#iRD 2H
TEMREENTVS.

Noonan JEMERHCFHMMR T & & LT, MiBhiRAAZIEBIERAN L Wz, @O H T —7 )W K S FRIEKIT
MBI LN DBV, T, ERELLEER, R U CTRIERD R TH S  EAREEINTE
D, FIEOHFRMEMN s MHEENTWS Y. Fiz, EROFAFERIZS > MELARETH Y, R 6 » AL,
5 S IMPEOAREZ > FIEATLOIE 2 B0 S NI, 1EATERD 31% & IERITIR ©.

$EFE D@ PTPNIL, SOSI, RAFI, RITIC DWW TIE, OIS B OEKIER & OB#ENME TN TE T
% 719 PTPNI11 i3 Noonan SEMRREDEH L HIIAT 2L D, W AEETEARERICHED S EAHISATY
EDTHD, ZOERHITE, MENRFAZOBED EOD, EARBLLFREDSEE XK. 72721, PTPNI1 %
SR AES EATLOAEI EM TERABENRENH 2 V. e, DEPRKHES MR 5N %, %7, Noonan
JEMERET PTPNII ISR THHE D EW SOST Z BB TIXIEIIRAILAE N 20D, NS IRALLFIED Gt D7
V. =T, IEKAELDEX RAFT Z 550D 80%FEEE, RITI ZRFID 70% RSB HN, TN5 DA R THEX
D TEV. BETFERNAEINTVSE, T LEAIHEDY X7 HEICHILD.

Noonan JEMERE TR OME LN TE, NUEERBZEICBOTRICE Yy b7+ —)Uicik b 5 280HEND 5. Z
D—DL LT, AEMXTEMmLONTVA XIS, BMEMDOMENFTENS. ¥ 1/3 1F—DoFixZnlLE
OREREZRD, £z, IMEPZETZ2 L850, 09 LERRICHKIERND %D TIEXRWD, KRS
HEBNZRTZEENHEC LRITEIRETHS. LA >T, dFRIGEICHLT, 728 V2T
EMESIHE, JEFIOZRARE L BbNG. VU SEOEREEE L AOHR) > EE LB L S 5728,
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PRETHS.
SEMEREZLES DINEEEB T, WHEOBEICIZ T, 5 UFIEREHSE ORI E 2 122 B 2175 LAk
2, FNEERIEFICONTIE, EFOBREICE > T, BHENEIIND T EHAEENS.
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