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Advances of RASopathies in short stature
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[ Abstract]RASopathies are a group of disorders characterized by mutations in genes that encode components of the Ras/mitogen

activated protein kinase (MAPK) pathway. Ras/MAPK pathway plays a critical role in cell differentiation, proliferation and survival.

Therefore , RASopathies have overlapping phenotypic features which may lead to difficult diagnosis. As a common phenotype , short

stature affects most RASopathies patients. Due to complex possible mechanisms for short stature , growth hormone (GH) therapy efficacy

remains to be elucidated and further research. In this review,we summarize short stature that associated with RASopathies and high

light the GH therapy in reported affected individuals with RASopathies.
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O TFHESE8, fERF SRR 2 CEZMIEN
(1), dUEsMesFA55 AR B M 3RS
TG 7 R i A R 2 1 8 (receptor tyrosine kinases, RTK) )&,
FAEA KN FZ RS 2(protein growth factor receptor—
bound protein 2, GRB2) .CBL,S0S Fll SHP2 % #L:[] % 5 RAS
HEETEAREPE GDP 25 G5B A TEVE GTP 25 5 I8 2 W]
1k, HRAS NRAS Fll KRAS J& TRl—E K% GTPase, = #
AHH AL B 24 85% M LR AT A . 73— 1HA GTPase
IR RIT1, 5 RAS AR RIVEM:Z ) 50%, RasGAP
J& GTPase WA 158 1, AT IG5 & RAS & T GTPase 1
£, PRI GTP 25419 RAS 2 46728 IR T GDP 25
GIE, Ras/MAPK i f% F 2 RasGAP Jy il 42 £F 4 2 1
(neurofibromin) . 73 F5 54k &L ) T iEf% %520 Raf[BRAF F1
(30) CRAFMI , 2085 5 1538 45 MEK1/2 Fil ERK1/20-9
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2 5% /MEMHEXEH RASopathies
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RN AT FERERE ISR, 11T Ras/MAPK 38 % N 4 [7)
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AR TR IE | COMRERTIEG | 1 J9K B JULPA) B e 28 A R B
SARERE KIS IE AN, e85/ IVIE /& RASopathies f 5 UL HY I
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182530) .RAFI(OMIM 164760) .RIT1(OMIM 609591) . KRAS
(OMIM 190070) NRA S(OMIM 164790) .BRA F(OMIM 164757)
LZTRI(OMIM 600574 ) ; @ .L» i J JI 25 45 1iF (cardiofaciocuta—
neous syndrome , CFCS) , & 22 (1) E(Jp 3L K °F BRA F(OMIM
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& (Noonan syndrome-like disorder with loose anagen hair 1,
NSLH1) , i 5 2 SHOC2(OMIM 165360) (3% 1),
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F A H WL B0 25 A {3 45 SOST RAFI RITI KRAS .,
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WFFILAN A 412 5] NS (835 b 84 8354552 CH 167 T
BT 4 AELL L BFOTES R $32 GHIRYTIUNS (B3 B
FEIRYTHT 3 AR B, A 5~6 TPk TP 28 . &
24 B E BT 2 AT B BT 55 165.6 em, &
PESEI B8 0 154.9 em, 249 71% (17/24) ) 5% B i ik 3 0F
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3.2 CFCS

CFCS Fya Ye o Mt AL, 200 ROk TR F S MR
FEn R OUNE. s IkiEsezs (OIERIEE AR |
R EAR RO NURE T HEEEREL, Qi . L NS, B
WRSKH I SO i (IREALAE (B 2) . QMR J
BR T fafba B s (63005 e, Sk R e il
@HAh IR AR AT RE N WFE AAEFR
ZEAE | Ras/MAPK W FEL CFCS e WA EUREE l BRAF
(75%) , HAh 30 Fe R A0 4% MAP2K1 MAP2K2 F1 KRAS,

i 1B B R Mo/ I T RR AT A B LR IR
R, CFCS 85 £ AR RN AE RAR %% A iR
AL HEHME BT ELS B EHMEIRSE, 1t
Hh,CFCS BE M RE A I A KR = w08 A KSR AT,
W2 2/3 (1 BRI R SRR N

AT, AW ATANTESIE CHD (1 CFCS 3% h ] 241l
H GHJRYT™, Celik N %PURGE T 1 4] CFCS &3 CHD 9%

# 1 Ras/MAPK 5@ KEBFEER

P4 HA% HHRE Y fisE fi LT LIPS
BRAF BRAF Kinase 7q34 AD NS/NSML/CFCS
CBL CBL Ubiquitin Ligase 11q23.3 AD NSLL
HRAS HRAS GTPases 11pl15.5 AD CS
KRAS KRAS GTPase 12pl12.1 AD NS/CFCS
LZTR1 LZTR1 Adaptor protein 22q11.21 AD/AR NS
MAP2K1 MEK1 Kinase 15¢22.31 AD CFCS
MAP2K2 MEK2 Kinase 19p13.3 AD CFCS

NF1 Neurofibromin RasGAP 17q11.2 AD Neurofibromatosis type I
NRAS NRAS GTPase 1p13.2 AD NS
PTPNI11 SHP2 Phosphatase 12q24.13 AD NS/ NSML
RAFI CRAF Kinase 3p25.2 AD NS/ NSML
RITI RIT1 GTPase 1q22 AD NS
SHOC2 SHOC2 Scaffolding 10g25.2 AD NSLH1
S0S1 SOS1 RasGEF 2p22.1 AD NS

HEAD, W AR AR 4 AR e CUIRRE Mt %
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B TR RIEA 25 pg/(kg-d) I GHIRYTJ Sh—4F, A K
MRS TR 3.8 cm HEZIRYT IS H4F 6 em, {HH A
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RMBE TR RETIS5E
3.3 NF1

NF1J& 1 NFI SEDI 5L B H Y (A BB, DL
22 (1 AF- I SRE RIS JPR A 2 2T A0 by ML R I PRAFE (12)

I\ rotated ears
i

large head compared to face thick heli

tall forehead with narrow temples
wide-spaced eyes ( hypertelorism )
downward slant of palpebral fissures.

epicanthal folds

short, broad nose with

depressed root and full tip
deeply grooved philirum
fulllips with high, wide peaks to
the vermilion border of upper lip
small chin and short neck
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TG 3 22 52 (AR 5 W] BE DR 5 O rh R b 28 28 G I g i e B
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S 13%~33% 0 B E F BN,

BT NF1 R ELA S A g () v A RUG: B e
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ZENT 102 )45 I GHD fY NFL SR % 4T GH B CIET7 , 45 %
PR A2 GHIRYT R AR K B i, SP- 35 26 K ol 3 o A
5.7 em, JRYT 3 )5 BT B R N -2.4SD B4 % -1.9SD,
L IR 22 A KU 5 A 252 GH BHRIAYTY I NF1 5 A
FETERA 22 S (ERFSEAE GHIRYT TFIR 211, 3T AR A T A B
HHEAT MRT SR A, DRI, o LA 8 g o PR A B ) %
H5 GHVRIFIIR R, 1] Tornese G 2524558 1 1 5] A A
2N A TR i I A /8 S JTLRE Jh 88 (atypical teratoid/rhabdoid
tumor, AT/RT) i) NF1 &3 7£ 2B F AR RS P67 5 I
PRAEARGE N , % JE HAIT CHD Je IGF-1 FRAR22iR 8 1 GHIA
JT130 pg/(kg-d)], HEBFFE GHIRITIF 10 R BRI %
FeRAE R SR BB 6 S A JRSET, X T NFI1
L, GH B ARIATT NS,

34 CS

CS JE:FH HRAS FEIH 2875 T B0 H Gtk b Pk 3 15
G PACHE DR 22 S 450K o HIARN ()i bR Ay 7 i 71 114 M R o 3
R EFRG SRR/, TR (F 2) Sk R RFiE
B IRAR St VSR TR O R gty O I Sl (SRR A L
RLC AU SO AS D BEASSE ) R SK IR B T ehs |
TR (BT[] 507 24 89% 1) CS FE A H AR A B K, (H
e PR 5 3R 8 17 ) VR 7 R e P ) S T L 24
95% ) A G IS/ BUAFIIFH5 B 135~150 em™,

CS BEM GHIRIY ZUIARIGE N = HCT GHIR
SRR PG R AR RIS HGE T AFAE 25 5+ . Cetin SK 552
B A GH Bt= 1Y Costello Zi A AE B XHE KR IGIF Y
SIS, FLRG DRI J2 A IR AL O I S, T2 GH
= IR LA IR H (IR RS RN R SRS = ) B B3R
FPRORAE, WA SCHRIRIE CS BF1E GH IAYT IR H 30
IR R K A £ g o,

3.5 LEOPARD %44t

LEOPARD ZEGfEi2—F R 2 B 2 RE 0 Y ik i
PESALRT | FOBU AR E 2580 NS, [ REA 22 BE (431000 Jid 1
AR OIS E8 AR E U AR T S, i 4~5 %
B (B 2) O H B R sh omskas AR A8 B
i AR GRS PREEENT T BEARAER, 24 90%K LEOPARD
ZRAAEH PTPNIT N A8 30, Hk iy RAFI Bl BRAF %
B SEAR R A MR E MAP2K 1 J 5275 7] S50 LEOPARD
ZEAER, TR R HLE AR RAEIR 5 NS & , LEOPARD 45
BAENFRE K48 PRGN 4% B 25 A1 (Noonan syndrome with
multiple lentigines, NSML) ,

LEOPARD £ & 1iE H  A I MR — R I B 2 vy
TR AL, A S, A KR 5 5 B v A 12 W I
TR, HR, 25 50%) L H P I3 R M, IR S8R
JLH SRR/, HETH 2D UL LEOPARD 254G 1E5 GH IGYT
ARSI SCHRHE

3.6 % Noonan % &-4E

NSLL #1 NSLH1 735l i CBL 1 SHOC2 KM 278 S8,
Il RAFAEY) NS 25001 NSLL F8 5 46 75 /D AF B 1 i £ A% 200 i
F UG AU 3 I NSLH1 B35 A /M)A 8 8, e
RIIE B LMEL 2 %, HAE K0 | HAVRAIE R AT Je ik
95 a0 N | R R AR

55 NS 2440, NSLL F1 NSLH1 3% % ISR e R F B
ZRAGE TR DA PR B RA /N, NSLH1 £8 3538 3 8 4 I GHDP,
Takasawa K ZFCOE 7 1 i) NSLH1 L, 7E 4 % 0432
25 ng/(kg-d) B GH MGy Z ARSI, H GHIA
I 2 ARG MR s et m LA sR g | SR R GH
TRYTIE AT NSLH1 BILIZ 81 A H . Mazzanti L 54 E
T 7 4 NSLH1 3%, 5L IGF-1 /K F- YT 1E % % B4
GHD, $32 GHIBITJR , A B 1GF-1 KR A K B 5 4
JrdwE . Horb 3 0 AR DU DT 28 e 24 B (final height, FH),
R B S AR A AR R /N A0 GH R YT fEH: FH TS A BT
Bigi

2¢ I ik, RASopathies i RZEIE 24 H &, ¥ K% Al
FEARZL | HorP I /VAE /& RASopathies 525 UL IR RAEIR 2
— W T B R ANE I AR OB R T B LA
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HoF AT RN 5 A 4 DRSO HE [N A 5 A8 JR | I RE
KA AN FE R o L R AR by X A8 5 5 FRR ARG AR R
RASopathies %t GH &7 1 S BRCRAAAE— 2 25 5, AT B SR
ST EIATEIE REAR S GH 3 IIRAS \GH HRPU g4
PR 2 A YA SE AT ST A ) SR e iz e %) XU
U547 15 58 Z K AR DT 374l . 17 ¢ T RASopathies 14 H
GH JRY7 (A BRI b R R AN R 288 Y R R A S
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