REZBEFAREMEE
HOMEREFHRMRESZE GHAMEREEERARER)

PRRE R RE AL (2B 3 2 BRI BT RO ENIC L 5
FHERRILIC ISV TR IE#H OHESL

TRSERE RIE - HEFEREE

WFgeEs  dak T

ERk29 (2017) A5H



B X

1. BEHRERE
FRIE B TERE (B RE L2 B9~ 2 B2 R BMBEIT A R T L D B FHARBLI B S o 2R Fa BT O L
ik T 1

(B#}) Xeroderma pigmentosum clinical practice guidelines

EI MR IE XPRERE GBEATA Nk

I. SHEHRHBE
1. fRRSERHEREAE 175 (NF1) OESIRIZ I D 87 72l ii—NF 1 & DowniE R « BRI MENR R AE O
A PF, NF1ERRNERTERE % £ O MR MEIE DO A 0F, R REEIEE IC %9 % Elastograp
hy DA M, mosaic NFUIZAE U 7= BEME SRR R S E 15
BaFE 52

2. AHARALwZ U T8 i BEONFIE S 2R L iR AHE B3 A iFoe
KHE HH 55

3. FMEMMEITIE B 1T B T HER RO LT
il .

4. B 7 = F VEEDOQAA v TF L —H —5E
WA R 60

5. MRRRMEEIEIOZIETA K74 OUE (£)
HHE 64
(BB MERERMEEELR (Ly 72 U v IABUNR) A KT A 22017

6. FREHRHENEE IR O PR A IHELZ BB LR~ A b
/NEZRS S 131

T AESAETEAE TR (NF1) ICfk D FIREABIENC X5 S RHIGTASR O A 20
fHig e 134

8. FULNEMRL VT | =T % AV FNFLIBE O MEHERE 0 FEEEFIE S 2T A0
HESEIC BT B2

A R 156




9. FHERBRHENERE T | Z ot A IBEIE SO E
ERE 1E 138

10. FEEMERE(VIE O IC BT A HF5E
p R 141

11. FEEIMERECAE O ZWHEIR AT A K74 > OVERIZEE 3 2458
&H BB 144
(&Rh) FEEMERILIE D ZW EEE R ONVEIE T A R T4 o —GTii— (R)

12, MHRRARMERESE 178 (NF1) O HA B et
aE R 181

13. JHRIREE I 2 B D VR BOEDRE O RIMGE Zh H
i B 185

14. BEMTIED W R « BIRABEREOBURHAE E 2B A K74 MAER DA
AROHERS 188

15. EMERAEICRBT D BEIEE A 27 OVERIZEE T 298
o fEE 190

16. {8358 )i 0 FR G 1k b R E A
P 3] 192

17. BIaMER V7 4 U NEDBR - RENTIC B3 59T
HE Al 194

18. IV 7 ¢ T IEBE OREBERENT IZ BT D AF %8
R 196

M. ARAROATICEET 5—8F 197



BT BRI R E: (EHAVEREFBORMIE S (HIATEIR BEORITTES2E) )

ARG TR T =
PR B FAE L2 B9 2 2R PHITHO R L %
BHEHARIZ DN = R IR O T

WHFEoT A ik T AERSERFABEE AR N RR R AE R R R 53 B %

Wt E s

FRRARAMERESE 1) (NF1) | APRCERMEMERE2T (NF2) | FSEMERE(LIE (TSC) B X OMaHEtE
FIE (XP) 13UV iR B b S RN B L O BRI R 7 P u—F RNnEE L 22 5,
WEBIIERITHES T D72 0I2, @Y A KT A4 VIRE~OESHEEE TR, ARFEET
NF1 « NF2IZOW T HHZIROBL TO—MI/Rb Lo, 7V =N T 2 AF 3 U2 ETRR
A RTA v DOSRETIREVER LTz, /NENFLOIER ORI, FHIES OMEE /e &, ZENRE
iE RSN - T2 IERE R 2 W O 7o DI B R T A 2R BRI FRE L VA R 74 Dk
FTRRICEE VD IAATZ, TSCIZHOW TR, ITEH LGN E o T2 T VBER & L TORE BRI
T HIGRIEDOIE, BEAEE & EAEHICOWTOIES I LN A R T4 L OWET L ik
I EATI T2, XPIZOWTIE, WEERE LT BRI OB Mz 13035 & & b, HEIEE AT
— L& AW R A D TV A, BRBENCE T AXPOBIN A5 1= DI BE NERT 5 6
FRENTOBRERGRS AT A~D AN DT, VR28FETLH I BT ISR FREH N -
TBEMET T ARV T 4 U EIZOWTE, 2l EVETH 2 BIn 2O REEXKY , A

BT MPDOFNLT 4 U AEDRE & DESEMEIC OV T HIRES LT,

A. BFREER

PR B E e B VAR & BB IR A 2 £ D
HER T, ARRERHEREE 1 7 (NF1) . AR ESHRMERRE
2 BI(NF2),  FEEPERE(LAE (TSC). A FRMERLEZE
(XP) MEENDID, (THOKER L ZIEEHRE T
HY | B OB, WRekEE, Edhofaie &
DEREWNR & D, NF1 « NF2 » TSC I[ZOWTIHE4E
DIRREFRIADFE R, 7 F IURERR &V 9 Fr L
BEETHRZ ONODH D | ZOREEZ I3 2 38
WRIR O MBI, R -2 Wl OHEHR 72 & A
FUE Z . BSIRRHERINT) 72 B W AR 0D 0 B 23 —
JEHE L Tk V., ZOEEIZS U RO T A
RT7A4 L OHRENBEIN TV, XPIZDOWTIRE
IRE LT ATA R T4 O K & EFRIEE)
DFFE, JEFOEMBIHFROEMED S LIz, &
DT, Wk 27 FEICEEBEARLV T 1 U VRENTE
EHERICHESNIZZ D, AE 11 ANDKR
VT U SE DI ERR B R RE R D R oD — DI
Z BN, BB TR EEZKICMAE L o
TN D 72 D FHUAE B 72 & ONZ F2 KT 4 fife 72 1] % UL
£, B TEREOMREBERIER & OBEZ B
AT ENEERDOBE L E 2 T,

AP BRI BN L CARIRIE T <L B - FK

R D FHRFEIE D BRI % 2 WS M B
IRV O T, ARAFFEIZ L0 B DOIRWE, 77, Q0L
DWECHET 2 RENRDIFEERGFZ2HE 2 L
X LT,

WA

TERFHAT (BERBRT)

BF B (BEERKE)
KEAR RRBERERKT)
PR BESRT)
WRFEIE (R R R R

o g (BBOR)

MR (EEKT)

SRR RE RO ERERRT)
AtEfE— (KT

WiE F (RERSLERRT)
KB HE GREKRT)

AR ORPRORT)
HETE (R BERENRT)
AR E— ORIRERRE)

RS CRECHERIE AR 0T IErT)
EmEr (PR
hEFEEE] (fF KT

hE Al GARTRT)

e % (BEEERKT)



B. MFREFEERER

BN 30 £ NF1 OB R AT T2 T,
EHNFWN 2T o CTETIER], Eig2krziT- 7
SEB, fEREE I ND Z L DOE) o7~ rare case
EEZDONDIERZ, MR LT, ZOHTHZIC
HDHZEDOTEFHECMER, BORIBIE G
> THMAMERRERTE xts o Tk, A M7
Giglnite, ARlE LD,

KHIZ 217 A 188 A (86. 8%) DIFIA & % % &
NHEBRIIRDODLEEBY THDH, Thbb,
frameshift 228 : 70 A (37.6%) . nonsense 25 %2 .
62 N (33.3%). splicing % : 20 A (10.8%).
KR&E7RKRE 23 N (12.4%) (N, 228G TFRE
13 N (7%) ., Fxr Yok 10 A (5.4%)).
missense B8 : 11 A (5.9%) THot-, BEHE
& RIBRIC NP i85 28 512 hot spot 1X 72 o 7=,
NF1IBIR DX A 7" & 17T DERRIERIZ OV CHEES
ZRRET LTy, O BhEE L R 2o 7,
BT, DEEFREE LOEFTH D, i
FRRH &2 LTIEBNE, BRRIERD S — D7
=T NEENTNWD Z LR EINTZ, TDD
&N, dysmorphic ZREEFH. HEHIEHE (HA
AN 7 VIR REBEEOVEHE LT
L C) ORI N BT TN D T —,
LIV EOVRETA T2 DT NV—TTh D,
Post—-zygotic mosaic TORIEDT=DHHEU 5
RIEAR T EE IV ME ) 23 8 D Z E B B &
o,

FUHIE DPC 7 — & _— R % W CTHBEE DI bR
B 5,482 L DAL DML A PHE S 90 HELN
DFABED Y A7 R 24 UT-, Z28 &M O
R AR SE 1 A AR BERRIS DI BRI 12 0 90
HUANBAPED U 27 RFTholo, Mtz
BT L, fXBEmPThHD,

EHIFEQAAL v FL—YF—IRIEOH 7 = 4 LB
(b9 B A M E MEAICOWT, FTAREED
AR, ENOEMFENLER (2% 28—~ A
V=) ZIUEL, REEOZREITIE, EED
REIEFNCXIT 2R E b2 Bl LA %
ZEAMH L, 7 = A LBED L —W — 5D R RE A
LML, ENOOREREZIETA N4
W ST,

HHIT H26 L W AFFREEOBER ., TR E
WX O SN D A U R—CTEMPICEHZ LT
VN, TR SR BT A MET (H26) . RIS
THTET L ARITESWE CQ DERL (H27) %47
STERED, H8HEE (HFE) 1387 B
F eI EEE L, AP NFL 2D A KT A
VOREEFEBROEERE L LT, SEMIERDEL
DELOEITST,

BIF/NEONF B 28—k & LT

ERES SN YN N R 2 S

HEA 1531 @EEL, TDHH 661 @ (43.2%)
DRIEN B> T-, 3rkLL | 15 LA F O NF1 BBE%#K
1L, 760 44 T 565 £ 2D C IR ZE 2 B 1k
L7, Whlakicxt U IRIHIEZEA A L, 145
W (25.7%) DEIENRH T, FD%, FEROE
. BT EIT o2, RIS VLT, HMPEE
13. 2%, FEEEZEGTILFRONI 72D 1=
DRFRI B OB BIIX 42. 9%, EEXRIN%E
HhJiE (ADHD) 1% 38. 4%, HPH A~ |~ Z AJE (ASD)
1320.2% & @mETHoT2, TNTNOEIHLEL
ADHD & ASD DA B 18. 9%, ASD & &7 R D
AP 16. 2% ADHD & Z1H9 72 RIE DA 0113 22. 5%,
3ODIREELTHOEIHL 14. 4% TH o 7=, FHFD
T b, 5L EDORINEL 49. 6% THETR DR
2BV | FOKIEED 25. 2% TIRIER N Ee b
7oo & DOAMDO AR S OHEIX, TAD A 13. 2%,
FRARREIBIE 7. 6% IIETES 3. 4% MM A R 4. 1%,
KEEJE 1.4% ThHh o=, ZNHDOFERERE 2T
PN A BT A > OSGETHIS R S 7,
FHIEFIE Clinical Question: FHSHRHERLIE |
9 TRMABIEVE AR TIRIT A 20 OIERIC
B0 | SRR ST A2 1T - 7=, PubMed TC. key word
% neurofibromatosis type 1 & L. {R{FHEIE,
BENET, MEMMERBHE. 4 Ve 7IEOIRER
FEITBIT % 2000 AELARE D STk Z fliHE L, NF1 02
WA BT A YEMRDVERIZ I X 7=,
ST [T NVEBRE Y 7 Ny 2T BV
NF1 FE OFRARAENE O B ) E > A T LD
HEOILTET, HEHHROMGEICIE, MR
HERE (NF) %z FH L2 iE e 572008, 1
MECRHAIE I K o TIE S & BN D ATREME N B
Do TOXIBRBERDOT, FxldA o Z—%v b
Z A\ 7= NFl-severity index provider system
(NF1-SIP) &9 HENFHIIT AT L ER Lo, A
VAT LAIEREY 7 v =Tt s EFEEEL .
WERDEGIR T B 2 VO CTHRREIZ NF 0% 5114
%, T CITHEFE CICEBRORKEEREZ AW TR
AEITWD O A X —F v b site ZERL L,
REAATEST T & 7223, NF OfEE A R E S DB D78
AR & OFLE I D) g RN -
722, Rk 28 FEE TR, 2 HDOFEIC O
TEBIMHNEIT-> T2, TORE, HEEEMIX. B
L NFISIP OFHANZ K E RENH -T2, HEBE
i, BFLE NFISIP OFHAIMAITEL L TV B JEH]
Dol SHIZZDOHEOBEED FTIFELL
TWEbDEZE ) TRV DEMNT L, F&IFIZD
WA Z T o 72, Eb T & 2220 kot
i (f) THho., LPULEREEGIWZESTHE
PSR EANT, RAEZEOLT &0V &%
FEZ D LI ERMICEHIICX 72, &H b OEML
IZBWT IR E DRWEE T, Rk NET
LTWBZENSIoT-,



FEREIT NF2 oA (2009 42~2013 FDlif
PRAAAAE N ZE 807 44 4y 2 f#HT) % 5kt L. NF2 &
FHOBIRIZ W TR L7z,

TBIEFESTOBEIC OV T, ERNAHLX 4y
ERC X Data % 3 mIBRM L CIER L., BES
BIOKEZRETHEEL CREBIVOHEMEOE
H2E, Bl LN AICHE » THbRIE R
A — DMREEHEEE 11 AW - 1h9FEE %2k
E L7,

KO/ AHIT(DTSCIZHED B ALBZET A KT
A VX HARWREF A & B AR E R ALE T
D HE U TERICE Y M A 72, TMinds 29EY
A KT A AERRD F5] & 2007 (IZFESWTER L
7oo (2) FEEIMERELIEICA DR 5 EA TEME
AMAQRE (SEGA) OFZIEHT A KT A LRk 28 %
WU THESRESCZERC L, £E2 LV FELDHTND,
(3) 2016 4= 8 HizAFz I 7= TTSCITfE D AML
PRITA R4 ) RBUEREF O TTSC IZE&0F
J 5 SEGA ORI A KT 4 ) 72 ENges - 5
Z L OfEBNE Lo ia S, 72 b ONTHT LUV VR
BESSCHEIEE NFEEZ LS L, RELSEREIF] T
HAFEHI IR T A BT A OVER 2 ARBFZEEE & H
AR JER s & REHITER LAE s A THE D, )
TV w7 are b MEEGRERT, AARKER
FRDOKBEST,

JEEIENFL BB DI I BR T 5 B R RO FT A
& LT, EEVEE . R I AR e R S E
EThY ., BUTOREEWOEIEE (DNB) 4
T TR EEE RN EETHD Z L
N B I= D THEMNIT BTz, —, NFL EH D QOL
WZREFRT D ERR AT L & LT Bky7e T —#
IXROMNG o T,

BRI IFBRER S, WHRIR O ) 215 TR o
B DEERICHMFEA I E & . BEIEIR, FERERE
He, FE7eR0%2. ATRECdH iU XPD BT %
Ehi L= & A, [FEICIE XPD Ba AR (=7
V19 @ c. gl833T 225 (p. R601L)) MEFEL T
W5, TRbBAGEIR B D Z &I LT,

iz (1) daEl - o RE O BB F R
TAER A 5 58 [ H A/NRARRR RS P RS
(2016 426 A 8 H) T IMaBMEMRIEL 2771 >
JEMEREDO B — FiR S x5 7 v —
MR &L CRBEERLE, FMNELDIZo
R fEE N BEAE(L L, 10 5%l L CRER 0T
DAL, 20 ik Lh ECREREBRBMG SN,
BZ2ZI3EMcix/e <, wE - DEEfEOI A
BB o7, (2) AEEAENN AEITo T2
27 W BME A BE XP (XP-A) HEFETORERE ., WF5E
WIEDE 22 FIEARBREWENY "B T — 3
VA (2016 4E 9 A 23 H) T [HEEAMEA X /-
A BRI RE B E R LERBIE T 7 e
—FNEITHoT=—Hl] E L THRAX—FEFL

7o RROFEEURATIZ PRV U 72 s 51 R IE (B4 e
F) FEIEIC X 2 1 RS O3 1E AL ASMER e T <0 1
Ve RED BT 72N D Z L LMNIT LT,

(3) HARIZBI 2EBMELLAE XP) ORI
B« U F— g VEROFEELZET S 7-
DIz, [FEVERLZIE DR « Ve ) 7 —
Toa VIERORENE] AR - HEE Lo, A
KT, REORFETE - ERRTFOEEIE
RENNZYNEY T—3 g ViR, BA/NER
B ERE SRR B (AT E T 2 /N L R B oo HE
TEANEE T %, Bt 5 BRSBTS XP BE D2
BB A F D —IRIEE GEE) 2REL, B
ZHEFT 5, I IRGRAE Tl ) AT Re 7 BItR
Mo RBEOERFEMEZSES, EEAROFRFILE
B X — MR Z P LARE S (FE
169)

LI XP BE ORI A B D7 B AR E)
EORENRED X HIZEITT 200 EHLIC
T 576, XP BE I W TR M rTRE 2 E
JEFEA 27 OIERZ BRI E L, Frizlo kbt Lz A
FOEFEERA T 2T 5 & b2, ZHET
R U726 D &S LCHENT LTz, Bt A a7,
EAZEILH D DT HORER T H D HI 5 4R
B e & HITHEE L=, TAEBIZEIL T, Section
1 (AEEEHE) ORFOBEBIFNDEINGE
EOFE LToDS, WETERERE, R D BhE, PEtEE
HEIZ DWW T 10 kRl E ThRE R <Rl L7,
Section 2 CEBENERE) (CBWTIX., 2D DR
DIENTH DB WVTILHFERE & ICHELE R
L7z, Section 3 (EKHERE) ([CHBWTIX, AHY
FEE SO SIEE LTS, BAROBGRIT 10
ACHTY £ TIERO o7, LLEX D XP-A &
FIZBWTWL D0 OERIT, /NIRRT D
A 23R STz,

P EP UL E] AR 1T R IS L s R R
AT LERWT, Bl &R RE%2 LIoBE
DEGREAT T, XP BEREMELZE/R L=, &
EFHA 7 & CREROEER E21T-> TV,
& 2 O BF OMERFRI 72RO AL E %2 L b 2
HZ EIIREETH T, BUREAHIET S & & b,
JERDOEALZIFHRE L TEMET D2 & TXP DR
RO S5, F1-. A% DOIBE~D G
PR LT 29 2 CHOAEMRRT —4 _R—2X
DT ENHIREEIND,

AT B BRI 7 4 U VIENSE DL R
Bl 26 FROBE L L ORZOZEKED [ MERH S
J A DNA ZHHH U, Y43 O R KB AR T DBLS
ZE UTe, MBI UC RNA #EXEMEHT. MLPA 14
1To77,

P4l EPP B3 OIKEESR Tod 5 FECH {EME%
HWEL CGERIBTER L OBIRZR T2, £ OREE,
FECH B FICE BB NI LB 6




F[IEMITEEE E L RS ThoT-, £, AR
7 4V UHER T H 5 ABCB6 B F-ALE D2 B4
TG, BFEONY T N EBROT-, BUE
W72 DEBERIT 21T - T B,

(fwEE i ~DHELSE)
HBE DRER DTz HOWN TR, BEAE R E
TX7RWE D ICEAE L, Yz OBLUE & 85F
L CHr9E 2217 L7,
BEBLOFERIC, BgZEE2 a2 TomRE
WL TTIEENSLDOESR - FIE - falrita, 325
D FRFRMISEDO R TICE L T, 6T
553 IR RHERARML - B M - Atk - fERRTE -
MBI S TBEORIRE L, B A2 L THH 9
FCTH Lz, FREBREECHBER X% A
WS - FEBRT D Z LICBI L TR, FECEIBA L,

FEEG, FEEREITARNLREETERVE I,

—EET T I TEIRE L,

C. B8

NF1, NF2, TSC 4&-¥&H % 1243 5 0F50 5 35
TOBREA EHEOWMNIBEfRO L &, BT A
RZ A v OWET & BEIEE 3 FEIT I - T2 2 AR
DOREFIZ) > C—HEiETE 72, 4 F TEFN
RWMENHE RENTZARd o - BIEARLE
OIFEEIZONT S, DPC Z W2 E
TT—HPHDLZ EICED . KRB
H, IR RO 2 LR CE 5 X D27
HHOEEDbILD, NF1 2T A K74 UETR
TITRETRE L BIREICHOWT DR # & AL
L. BB ORNE X A L) —ICBORIC M S
W LHHENTE, DREBEW 725 8EE LT
WA E AN L TCHMANLDORME 7 ) =h L
JZAF gk LT, ZIUTxT D& % SRR
IZEET BT, SRIOHA R4 2B DE
BTN DL L TR TE L BAL
TW5%,

—J5. NF1 OEG AN S0z &, ERAHE
BIZOWTHEITE S L9122, KB EERIC

X0, BlaA- ERMHEENZ OV TR S L7223,

fEEmE LT, IO EDILTWVWDED . NFI
B W TEA - ERBFEBE IRV & b
Bo —H T, SHHTL Dfx ey 7V HESK
OEMER ST, RNV BETEREOBEETY
RTCWKKERSHL EEbNADT, 5%, 21

SOT—FEIFOMEL L TT —F =21k
THZELEELEEEDbND, EFIEESFEOD
ETEITHRFICEE IR D E bbb,

NF2 122\ T, 807 Bl BEFE ORI F
EFV, HEESEEMAEDEDLZ EITLD,
At DIRE T IE ORI L#HEN T 5 2 L 2SI
b,

NF2 {22\ T, HEEEEEMER L TV D IRHE
TN Y XL EEORHZH L0 L 9 IZIE#
HE AT e LT, ZhazeE0FEKR
T UTHED 5 PRk 28 A5 10 A 2R
T H—OBE - REER (EREEENT) &
WET L2 T, 5% O FAE %L B D overall
DAELFR, T, QOL 12D\ TRIFHRINHT L
TARIOT—4 L st LT, AR 2GR L
TW BERH D,

TSC & A B Y O 5 O L RVEZE TH
TEDEFBLG ORI & MR O F k- 722
BHTA RTA U OWET & & BIEE DR E D
T&E7,

XPIZOWTIIMEAERTE L= XP 21 KT A
YOEARIEEZX DR, FEEZEUT, Hrin
A KT A DRI E RN DT RER. i,
B, AbiRE, EmGDOBWHKE b -, £
7o ek, T H D OBMHKEEIT S H B IER
MEAEALT D XP-A BENEEIMIC S o Toms, &
T XP OB W MREBGEIG & 72> TV D
ZEBEMI N, XP OBWHKIEA~D/N— KA T
D0 RS EEWEIZT W BT S 720 0Bk &K
FHIND LT TE I, ZDOHITIT XP-C
XP-D BEL WS RERIZAARTIEH EVHRED
Mo TZIER S BAE L, JEFOEENER>OH D,

XP OZRITA RTA4 L EFEEICLD, XP 02
WriZ 31T B HUBE 2203 E S 4L, XP 2IC 1T 5
EEEAL DS HIRE S LD, TRBE M OEHEE R TERAL - B
Ak U, XP B O R E 2 W o Hisoks 72035k &
HHEICK Y, WO AREN O FIIBRLA, O T
IS EREIE D TR FIRE & 72 0 | BEFE I
HEND,

BHIEE A 37 2014 %W CHA REORERIT
Fl&fiE ., IR EILEZ R CWDN, ZhET
FMEL7-2bOERA L THITLIZE 2 A, AFFA
a7, HAFEILH D BT I ORERT b g #
MOHERE & HITHEE L, FAEABICE LT,
Section 1 (H#ATFENME) OXRFOIEE XD
A B REENTEAE L7723, MEEakRE, ik 0 Bh{E,
PEMEEBE I DWW TIE 10 FRRTE £ CREE 7 < Bl
L7z, Section 2 GEBIFEEE) [2BW\CTik, &4
DEFHADE T D 2 080T b FEls & & b
WA R L7z, Section3 (FREERE) 2BV T,
IR E IS DI DAFLE L7220y, BAROBHRIE
10 BWARETY-FE TIERD o7, LLEXD XP-A
BEIZBNTWL D OEEIX. /NEHZER -
AR ST, XP O EGEERBE R O,
FERIZBIT 5 XP HRREAEDORE L, @2 D
XPREEFIZH L TCOREZED QL ZEHD HT-HD
XOMNTHEY 2T —T — A A RRHSEITH 12
HOWEEFL Z LAl T 5,

XP ORERESTRECEEZNE, XP BFZH



VI LHBHRELRRIT, IO XP OBIFED
EEE FHLWHA RTA U OFEE, PO,
ROIBERF OBUR 2 LI TH B LT,

E. &

NF1, NF2,TSC O A K74 DSET & XP
DOEIEESHOUGT 21T~ 12, KRS
IR BB N D BIRBOBIRTA KT A~
DYGETHHT LWEBBEE, H LWIREER e 825
Wiz, BIEDEREEIZAET-bD L 7eo7=, XP

PRI A T4 OFFERRZER LTz, XP B3
RN THREL, T— 2 _X—2 (T 5F &2 HM
L LT security ICEE L7 HBEBRGRS AT L%
BAZE L7z, WEAEBARR L7= XP ORBMHIZ OV T DR
—AR—=THEHH LI,

F. fRakkiEH
L

G. #FEER

L. EWCFER

1. WEPEHE], SRk T ARMREUE. Bin
FEF MOOK it 'V —X 1 “Serdiatk
S5 « FIEMEE L Bl h v ok D
77 ZREBW, AT Ry KR,
157-162, 2016

2. SRRETET v b ORI EEEZ EBETA.
BB B E R — AR & AR - ERe -

AE I — ., TR, BHEEL, BHNE, R
B, —JiEE. w)INE, EEIETR, ER
Rk, MR, 137-139. 2016

3. kT - ARMERLEUEDBLIR & £ DXL
5. B LERIK 65(2) : 237-242, 2016.

4. Nakano E, Masaki T, Kanda F, OnoR,
Takeuchi S, Moriwaki S, Nishigori C : The
present status of xeroderma pigmentosum
in Japan and a tentative severity
classification scale. Exp Dermatol 25
Suppl3 : 28-33, 2016.

5. Ono R, Masaki T, Mayca Pozo F,
Nakazawa Y, Swagemakers SM, Nakano E,
Sakai W, Takeuchi S, Kanda F, Ogi T, van
der Spek Pd, Sugasawa K, Nishigori C: A
10-year follow-up of a child with mild case
of xeroderma pigmentosum
complementation group D diagnosed by
whole-genome sequencing. Photodermatol
Photoimmunol Photomed 32(4) : 174-180,
2016.

6. Moriwak S, Kanda F, Hayashi M,
Yamashita D, Sakai Y, Nishigori C
(Xeroderma pigmentosum clinical practice
guidelines revision committee) :
Xeroderma pigmentosum clinical practice
guidelines. J Dermatol, in press

10.

11.

12.

R SO, P E], SEAREET SRRk T
o K AR JRECHE R RE A SRR 9
TRWNZE - o BER B E ARED 1
Bl AA/NERER MRS 36(1) 1 55760,
2017.

PR TEEF RN A, e AEmoER, A
ANAW LR, e AmOFMFELZE S,
A ENE, B, EllH

Rk T - ABVERLROE. /NBPEREE R
i TBWrh A R4, 2 LiG8eE, o
. HIRI
HTES Ly VT
(Recklinghausen) J5 (FF#&ARMENEAE T %) .
N VERFERR (WA KT 4 v,
Wr &R, B, EH

Rk (ORI RIEDOBET A K F
A V) DRRRIE. KSR AT O1RE 2017-2018,
BN —, d) &R, miLE, B, FHll
‘:F‘

PRk T T - BEMERLRE. /NERMER, ED
Jll H

TR

P TEET - R ERBEBUENE 2 5 Dy 2
~ZARIRIFIR & piRE. H5 115 [B] A KB REFHF
2. 2016.6

Nishigori C : Involvement of inflammation
in photocarcinogenesis. Annual meeting of
Korean Society for photomedicine. 2016.6
FyERER, hEEE, HAREE W
-, KA AR & A U T RE
FMEHZBOE A BFEO/NRB. 5 38 [5] H AL E
e M. 2016.7

Pk TET  eBb e T 2D T F
34 [A] H AR SR P i e T B A B GRHE.
2016.8

Nakano E, Ono R, Kanda F, Takeuchi S,
Moriwaki S, Nishigori C :
Xerodermapigmentosum as the model of
photoaging-The present features of XP in
Japan. %5 17 FDEE(CAFZES. 2016.8
Kunisada M, Hosaka C, Nakano E,
Enomoto H, Nishigori C : The effects of
Cxcll antagonist on UVB-induced skin
inflammation in Xeroderma pigmentosum
type A deficient mice. 16th World Congress
on Cancers of the Skin. 2016.8-9
Tamesada Y, Nakano E, Tsujimoto M,
Masaki T, Niizeki H, Nishigori C : A child
case of xeroderma pigmentosum
complementation group C. 4th Eastern
Asia Dermatology Congress. 2016.11

Rk T T SO B ~DIER. £ 80
5] B A B SR BRSO AT RS, 2017.2



9. SRERTEET - KEGE L BN A KBFERIMR
PifEFZeZ B8 27 [ AR ™ L. 2017.3

H. 59 PERE D HIRE « BEIRTL
(TEEZET, )
1. ¥rrius
L
2. FEMFEEG
L
3. FDOfth
L



WEST v6.6.0-LIVE for Wiley
jde_13907.doc

10.1111/1346-8138.13907
Review Article
Review Articles

© 2017 Japanese Dermatological Association

Received: 29 March 2017
Accepted: 02 April 2017
Xeroderma pigmentosum clinical practice guidelines
Japanese Dermatological Association guidelines
XP guidlines update
S. Moriwaki et al.
Correspondence: Chikako Nishigori, X.x., Division of Dermatology, Kobe University Graduate
School of Medicine (Chairperson at Xeroderma pigmentosum clinical practice guidelines revision

committee), 7-5-1, Kusunoki-choChuou-ku, Kobe 650-0017, Japan. Email: chikako@med.kobe-

u.ac.jp

Shinichi Moriwaki® Orcid: 0000-0003-0803-9455
Fumio Kanda®

Masaharu Hayashi®

Daisuke Yamashita®

Yoshitada Sakai®

Chikako Nishigori6 Orcid: 0000-0002-6784-2849

Xeroderma pigmentosum clinical practice guidelines revision committee

7



WEST v6.6.0-LIVE for Wiley
jde_13907.doc

'Department of Dermatology Osaka Medical College Takatsuki Japan
Department of Neurology Kobe University Graduate School of Medicine Kobe -

Department of Brain Development and Neural Regeneration Tokyo Metropolitan Institute of
Medical Science Tokyo Japan

*Department of Otolaryngology-Head and Neck Surgery Kobe University Graduate School of

Medicine [KOBE Japan

*Division of Rehabilitation Medicine Kobe University Graduate School of Medicine Kob&

®Division of Dermatology Kobe University Graduate School of Medicine (Chairperson at
Xeroderma pigmentosum clinical practice guidelines revision committee) Kobe Japan

Abstract

Xeroderma pigmentosum (XP) is a genetic photosensitive disorder in which patients are
highly susceptibe to skin cancers on the sun-exposed body sites. In Japan, more than half of
patients (30% worldwide) with XP show complications of idiopathic progressive, intractable
neurological symptoms with poor prognoses. Therefore, this disease does not merely present
with dermatological symptoms, such as photosensitivity, pigmentary change and skin cancers,
but is “an intractable neurological and dermatological disease”. For this reason, in March
2007, the Japanese Ministry of Health, Labor and Welfare added XP to the neurocutaneous
syndromes that are subject to government research initiatives for overcoming intractable
diseases. XP is one of the extremely serious photosensitive disorders in which patients easily
develop multiple skin cancers if they are not completely protected from ultraviolet radiation.
XP patients thus need to be strictly shielded from sunlight throughout their lives, and they
often experience idiopathic neurodegenerative complications that markedly reduce the quality
of life for both the patients and their families. Hospitals in Japan often see cases of XP as
severely photosensitive in children, and as advanced pigmentary disorders of the sun-exposed

area with multiple skin cancers in adults (aged in their 20—40s), making XP an important
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disease to differentiate in everyday clinical practice. It was thus decided that there was a
strong need for clinical practice guidelines dedicated to XP. This process led to the creation
of new clinical practice guidelines for XP.

DNA repair, freckle-like pigmented maculae, neurological symptoms, photosensitive
disorders, pyrimidine dimers, skin cancers, ultraviolet radiation, xeroderma pigmentosum

This is the secondary English version of the original Japanese manuscript for “Xeroderma
pigmentosum clinical practice guidelines” by the xeroderma pigmentosum clinical practice
guidelines revision committee published in the “Japanese Journal of Dermatology: 125(11),
2013-2022, 2015.

Background for creating the guidelines

Xeroderma pigmentosum (XP) is a genetic photosensitive disorder in which patients show a
high susceptibility to skin cancers on the sun-exposed body sites. It was first recorded at the
end of the 19th century by a dermatologist, Moritz Kaposi, who described a severe
photosensitivity disorder that was accompanied by pigment change.'? In 1968, the American
radiobiologist, James E. Cleaver, reported for the first time that XP is a genetic disease in
humans, in which genetic abnormalities occur in the DNA repair process. He discovered that
XP cells unable to repair DNA damage caused by ultraviolet radiation (UV).® In Japan, more
than half of patients (30% worldwide) with XP show complications of idiopathic progressive,
intractable neurological symptoms with poor prognoses. Therefore, this disease does not
merely present with dermatological symptoms, such as photosensitivity, pigment change and
skin cancers, but is “an intractable neurological and dermatological disease”. For this reason,
in March 2007, the Japanese Ministry of Health, Labor and Welfare added XP to the
neurocutaneous syndromes that are subject to government research initiatives for overcoming

intractable diseases.
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Neurocutaneous syndromes comprise four diseases: neurofibromatosis type 1,
neurofibromatosis type 2, tuberous sclerosis and XP. However, the clinical image varies
depending on each disease, and the clinical practice guidelines have been developed
separately.* The three diseases, except for XP, have strong elements of phacomatosis.
Meanwhile, XP is one of the extremely serious photosensitive disorders in which patients
easily develop multiple skin cancers if they are not completely protected from UV. XP
patients thus need to be strictly shielded from sunlight throughout their lives, and they often
experience idiopathic neurodegenerative complications that markedly reduce the quality of
life (QOL) for both the patients and their families. Hospitals in Japan often see cases of XP as
severely photosensitive in children, and as advanced pigment disorders of the sun-exposed
area with multiple skin cancers in adults (aged in their 20—40s), making XP an important
disease to differentiate in everyday clinical practice.

Clinical practice guidelines for XP are mentioned in Japan Dermatological Association-
approved guidelines on genetic diagnosis of skin diseases, but the items on XP are not
extensive or comprehensive.” It was thus decided that there was a strong need for clinical
practice guidelines dedicated to XP, and not just as a part of guidelines for neurocutaneous
syndromes or genetic skin diseases. This process led to the creation of new clinical practice
guidelines for XP.

Position of these guidelines

This committee consists of members of the team of “Establishment of practice guidelines
based on scientific evidence by the clinical department cross-sectional examination on
neurocutaneous syndrome” For the government research initiatives for overcoming
intractable diseases of the Japanese Ministry of Health, Labor and Welfare, the cooperative
researchers, and the committee members who were entrusted by the Japanese Dermatological

Association guidelines. These guidelines were developed after this committee and the
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discussion in writing had been held in June 2014. These guidelines aim to show a standard of
fundamental and standard medical care of xeroderma pigmentosum in Japan at present.
Escape clause

In these guidelines, the views of the committee members who developed these guidelines
were intensively compiled based on the available data at the time of preparing the report,
which might be forced to change conclusions or recommendations in this report depending on
the results of future studies. In addition, it is accepted that it might even be desirable to
deviate these guidelines for some specific patients and under some specific conditions.
Consequently, physicians who provided treatment cannot escape their liability arising from
negligence only by their reason that they complied with these guidelines, and deviation from
these guidelines cannot be necessarily considered as fault.

Definition and concepts

XP is a hereditary photosensitive disease governed by autosomal recessive inheritance. In XP
patients, their skin is extremely vulnerable to UV because of a congenital defect of repair
ability for UV-induced DNA damage. If these patients do not take appropriate protection
from sunlight, they will develop serious photosensitivity, progressive development of freckle-
like pigment disorder and skin cancers that have the tendency of develop frequently and
multifocaly regardless of young age. In Japan, the majority of XP patients have progressive
neurodegenerative symptoms of unknown cause, of which severity will impact their
prognosis.

XP is classified into eight subtypes (group A—G genetic complementation groups and variant
[V]) of which each responsible gene has been identified. Each clinical form has various
clinical features (Table 1). It has been noticed that there is an association between the gene
mutation and the phenotype, even in the same responsible gene®’ In Japan, genetic

complementation group A (XP-A), of which patients develop serious XP with neurological
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symptoms, accounts for more than half of XP patients, followed by XP variant type (XP-V),
of which patients develop only cutaneous symptoms.

Epidemiology

In Japan, XP occurs as rarely as one in 22 000 people. However, it is difficult to consider this
incidence of XP as an extremely rare disease as compared with the incidence in Western
countries (one in 1 million people). XP-A, in which both cutaneous symptoms and
neurological symptoms are the most severe, accounts for 55% of XP patients in Japan,
followed by XP-V, in which patients develop only cutaneous symptoms (25%), XP-D (8%),
XP-F (7%) and XP-C (4%). Patients with XP-E are rare, and there is no case report of
patients with XP-B. In Japanese patients with XP-A, the founder mutation is detected, and
80% of them show homozygous mutation of XPA gene IVS3-1G> C. The frequency of being
a carrier of XP-A is one in 100 Japanese people.? Unlike the cases in Western countries,
many of the Japanese patients with XP-D have no neurological symptoms.”

Pathogenesis and clinical conditions

XP occurs because the repair system (nucleotide excision repair [NER] and translesion
synthesis) for UV-induced DNA damage (cyclobutane-type pyrimidine dimer, 6-4
photoproduct) does not act properly as a result of genetic abnormality. These responsible
genes are XPA, XPB (ERCC3), XPC, XPD (ERCC2), XPE (DDB?2), XPF (ERCC4), XPG
(ERCC5) and XPV (POLH). All of them are NER-related factors (DNA damage sensor, DNA
damage cleavage, the stabilization, endonuclease, repair of DNA damage), except XPV
protein, which exerts translesion DNA polymerase in the translesion synthesis system. If
pathological mutation occurs in either of these genes, XP will occur.

Symptoms

XP is classified into the following types: XP cutaneous disease in which patients develop

only cutaneous symptoms; XP neurological disease in which patients develop cutaneous
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symptoms with neurological symptoms; and XP/CS complex in which patients develop
cutaneous symptoms with Cockayne syndrome (Table 2). Of Japanese XP patients, XP
cutaneous disease accounts for 45% (including 90% of XP-D, XP-E, most XP-F, and XP-C
patients and 75% of XP-G and XP-V patients), and XP neurological disease accounts for
55% (including XP-A and XP-D patients, and some XP-G patients). In Japan, Cockayne
syndrome (XP/CS complex) is extremely rare, and has been found in just three patients (two
patients with XPD mutation-induced XP/CS complex, and one patient with XPG mutation-
induced XP/CS complex). XP-F, which was thought to be XP cutaneous disease
conventionally, has been recently found in several reports on patients with neurological
symptoms, and thereby can be classified into XP neurological disease.

Clinical classification of XP judging from cutaneous symptoms

Exaggerated sunburn reaction type (XP-A, XP-B, XP-D, XP-F and XP-G): severe and
abnormal sunburn reaction occurs at the sun-exposed area upon a minimum sun exposure (e.g.
face, nape, ear auricle, dorsum of hand, and upper and lower limbs). Unlike normal sunburn,
this exaggerated sunburn reaction is often associated with strong redness, swelling, blister
and erosion, and is exacerbated for 3—4 days after exposure, and persists for at least 1 week.
After having repeated severe sunburn-like reactions, freckle-like small pigmented maculae
are found at the sun-exposed area. Small pigmented freckles increase whenever a sunburn-
like reaction is repeated. In comparison with normal freckles, the size of small pigmented
maculae are various, and their color tone is heterogeneous. Small pigmented maculae can be
found not only on the face, but also on the nape, the dorsum of the hand and the upper
chest.™® Sun-exposed are of the skin tend to be xerotic easily and multiple malignant skin
tumors (actinic keratosis, basal cell carcinoma, malignant melanoma, squamous cell
carcinoma etc.) will be found on the face and other areas of the skin at a young age. If such

patients do not carry out strict protection from sunlight, skin malignant tumors can occur 30—
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50 years earlier than in healthy people, and the frequency is considered as 1000-fold or more
as much as healthy generation.

Abnormal pigment change type (XP-C, XP-E, and XP-V): XP cutaneous disease.
Freckle-like dyschromatosis gradually progresses without producing abnormally exaggerated
sunburn. This pigmented maculae varies in size from small to large, its color tone is
heterogeneous and its border is indistinct. It is progressive, and such patients present with
photoaging skin that is unsuitable for their age at the sun-exposed skin sites, including the
face. Multiple skin malignant tumors occur on the skin of sun-exposed body sites at a
younger age.™

Neurological symptoms of XP

In Japan, progressive central and peripheral neurodegeneration occurs in approximately
100% of XP-A patients, and approximately 10% of XP-D patients. For typical development
in children with XP-A in which the most severe symptoms are found, the head is held up at
an average of 3.5 months-of-age, roll over is achieved at an average of 6 months-of-age,
sitting position is achieved at an average of 7 months-of-age, pulling up to standing is
achieved at an average of 12 months-of-age and walking is achieved at an average of

15 months-of-age. Although children with XP-A show slight delay in their development, they
can acquire approximately age-appropriate functions. The peak of physical performance is
achieved at approximately 6 years-of-age, gait disturbance occurs at approximately 12 years-
of-age, and wheelchairs are required at approximately 15 years-of-age.*? Deformity in the
foot, such as contracture in the pes equinovarus and pes cavus deformity, can be found at
approximately the timing of entrance to elementary school (6 years-of-age).'® In some cases,
it can be complicated with callosity, skin ulcer, contact dermatitis and tinea pedis as a result
of foot deformity and the use of prostheses. Regarding auditory function, hearing loss occurs

at the first half of school age, and wearing of hearing aid devices is required in the second
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half of school age. At approximately 15 years-of-age, auditory function is almost non-
existent. Regarding speech function, the peak is achieved at 5-6 years-of-age. The language
that they once acquired is maintained despite the progressive deafness during the elementary
school period. However, they show dysarthria with decline of intellectual ability and
advanced deafness, and their speech function disappears at approximately 15 years-of-age.
Involuntary movement, such as tremor and myoclonus, can also be found in older children.
Deep tendon reflexes in the extremities gradually disappear. Progressive sensory-dominant
axonol neuropathy is found by peripheral nerve conduction studies. Brain computed
tomography and magnetic resonance imaging show atrophy of all the cerebrum, brainstem,
and cerebellum with ventricular dilatation. Before and after entrance to junior high school,
choking and dysphagia occur. In some cases, tracheotomy might be required because of vocal
cord paralysis and larynx dystonia at approximately 20 years-of-age.***® Afterwards, at age
approximately 30 years, they commonly die of aspiration, infection and traumatic injury.
There is a rare report that symptoms of photosensitivity were not very severe in an XP-A
patient, and neurological symptoms developed in middle age or later.*® XP-D patients in
Western countries frequently develop neurological symptoms. Meanwhile, XP-D patients in
Japan commonly do not develop neurological symptoms, and the symptoms are mild, if any,
and they can do normal work. Rarely, some XP-F patients show neurological symptoms.
Eye manifestation of XP

In XP patients, the eye tissue exposed to UV is also involved. Therefore, they have lesions in
the anterior ocular segment, such as conjunctival xerosis and corneal drying, conjunctivitis,
keratitis, evagination, corneal ulcer, and decrease of lacrimation. As most UVB does not
reach the retina, no morbid change as a result of direct exposure to UV occurs, while

abnormalities in the optic nerve as a neurological symptom of XP can occur.
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A summary of eye manifestation of 87 XP patients in the USA reported conjunctivitis (51%),
corneal neovascularization (pannus; 44%), corneal drying (38%), corneal cicatrization (26%),
ectropion (25%), blepharitis (23%), pigmentation of the conjunctiva (20%), cataract (14%),
visual field disturbance (13%), optic neuropathy (5%) and malignant tumor (10%).}"*°
Tests for diagnosis of XP
Figure 1 shows a flow chart for diagnosis of XP.
Photosensitivity test
Exaggerated sunburn reaction type (XP-A, XP-B, XP-D, XP-F and XP-G): decreased
minimum erythema dose; delay of peak in erythema reaction.
Abnormal pigment change type without sunburn (XP-C, XP-E and XP-V): normal minimum
erythema dose; no delay of erythema reaction.
DNA repair test using cultured fibroblasts

1. Measurement of unscheduled DNA synthesis after irradiation with UV
It decreases to <50% of normal cells, except XP-V. Unscheduled DNA synthesis is more than
70% in XP-V patients.'

2. Test of lethal sensitivity to UV (colony formation assay)

XP cells, except XP-V, are hypersensitive to UV. The sensitivity of XP-V cells to UV is
slightly hypersensitive or a normal level. However, its UV sensitivity is increased in the
presence of caffeine.

3. Genetic complementation test
The genetic complementation group of XP is determined based on the restoration of DNA
repair ability after co-transfection with the reporter gene and cDNA of each XP

complementation group using plasmid or virus vector.*®

4. Western blot analysis of gene product of responsible gene of XP
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Patients with XP of NER-deficient types are diagnosable by a genetic complementation test.
In XP-V, which does not present defects in NER, it is useful in a diagnosis to examine the
presence of POLH protein as the responsible gene product.?

Genetic analysis using peripheral blood- or patient-derived cultured cells

In genetic analysis of XP-A, which accounts for the majority of XP patients in Japan, 78%
are homozygotes of G to C substitution in the 3’ splice acceptor site of intron 3 of the XPA
gene (IVS3-1G>C), 16% harbor a heterozygous mutation of IVS-1G>C, 2% are
homozygotes of the nonsense mutation of Exon 6 (R228X) and 9% harbor R228X
heterozygously.™

These genetic mutations (IVS3-1G>C, R228X) are regarded as founder mutations of the XPA
gene in Japanese patients, and can be identified easily by polymerase chain reaction followed
by restriction fragment length polymorphism analysis (AlwNI, Hphl). Based on this strong
founder effect, gene mutation can be easily and quickly identified in most XP-A Japanese
patients, and it is used for genetic tests in medical practice. For patients with XP-A who are
undiagnosable with this method or possible other complementation groups of XP, mutation
identification is tried by DNA direct sequencing. It is known that there are four types of
mutations that frequently occur in Japanese patients with XP-V. Approximately 90% of the
patients with XP-V harbor one of those mutations. In direct base sequence determination, it is
efficient to start examination with these mutations.?** These genetic screens are important in
clinical settings, because XP-A and XP-V account for approximately 80% of XP in Japan.
Diagnostic criteria and severity classification for XP

Figure 1 shows a flow chart for the clinical practice for XP, and Table 3 shows guidelines
for definitive diagnosis of XP that have been newly developed. Table 4 shows a

classification of the severity of XP with various parameters as an indicator. Patients whose
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definitive diagnosis of XP is established carry out strict protection from UV, and receive
regular examinations at departments of dermatology and ophthalmology.

After definitive diagnosis of XP, if patients showed “4” of “A. symptoms “in Table 3,
alternatively, when they showed the XP neurological symptom-related gene mutation even if
they showed no “4” symptoms, setting up a team with pediatric neurologists, neurologists,
otolaryngologists, orthopedists and rehabilitation specialist staff, as well as dermatologists
and ophthalmologists, is crucial to following up such patients as a patient with strictly XP
neurological disease (Fig. 2).

Differential diagnosis of XP

Freckles

There is no serious symptom of photosensitivity. A differentiation from mild XP can be
achieved by ruling out XP through various DNA repair tests. Eruption is limited to the face,
and does not spread through the nape, the dorsum of hand and the upper chest.
Dyschromatosis symmetrica hereditaria

There are some patients who require a differentiation from XP, as mild symptoms and
freckle-like pigmentation on the sun-exposed area, such as the face and the dorsum of the
hands, are often found. The point of differentiation from XP is as follows: patients show
dyschromatosis in not only the dorsum of the hands, but also the dorsum of the feet, and they
have co-localizing intermingled pigmentation and spot of depigmentation.?? The
differentiation is possible by taking a family history (autosomal dominant inheritance).
Pigmented freckle is often found in the elbow and the patella, even if there is no eruption at
the extensor of the forearm and the lower leg, as well as the dorsum of the hands and dorsum
of the feet, and is different from pigmented freckles of XP limited to the sun exposed area.
The final diagnosis is possible based on gene (ADAR1) analysis of this disease.

Erythropoietic protoporphyria
18
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This is an autosomal dominant inherited disease that occurs as a result of the loss of function
of ferrochelatase, which is one of the enzymes of the heme biosynthesis process. A small scar
is left following after an acute reaction such as edema or erythema, and blisters occur on the
skin after sun exposure. A high level of free erythrocyte protoporphyrin, or red fluorescent
material in red blood cells under fluorescence microscope is observed. A definite diagnosis
can be made by analysis of the FECH gene as a gene responsible for this disease. Its
pigmented freckle is not outstanding.
Impetigo contagiosa, staphylococcal scalded skin syndrome
The onset of eruption is unrelated to sunlight. Patients respond to systemic administration
with antibiotics.
Treatment and patient care
As this is an inherited disease, a radical cure cannot be expected. The basics of patient care
are complete defense from UV and symptomatic treatments for complications. The prognosis
of patients depends on the following issues: how early a definite diagnosis of XP is made to
initiate protection from sunlight; can strict protection from sunlight be carried out thoroughly;
how can early skin cancer be detected and treated on the skin after sun exposure; control of
the neurological symptoms; and how appropriate treatment is provided to prevent progress
(Fig. 2).
Protection from UV
XP patients have to carry out strict and complete protection from UV, especially from UVB
to UVAZ in order to prevent progression of dyschromatosis on the sun exposed area and
prevention of development of skin cancer. Specific protections are as follows:

1. Apply a sun-screen formulation with a high sun protection factor and high protection

grade of UV-A (PA) to the skin before going out. Wear clothes with long sleeves,

trousers, protective clothing from UV and glasses for UV protection.
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2. Apply a film offering UV protection to windows, and use a sunshade curtain to protect
from light when the windows are opened.

3. When the patient is school age, apply a film for UV protection to the windows in the
school, and be careful to avoid direct exposure to UV during outdoor activities and
attending school.

Complete protection from UV can prevent from progress of freckle-like pigment change and
development of malignant skin tumor in the future.

Measures for skin cancer

Encourage patients to visit a dermatologist every 3—6 months to judge whether the protection
from sunlight is successful based on history taking and findings of the skin (the presence or
absence of development of sunburn and the presence or absence of progress of
dyschromatosis). Furthermore, check the skin of sun-exposed body sites carefully for early
detection and treatment of malignant skin tumors.

Treatment of skin cancer

For skin cancer in XP patients, early case detection and early excision are principles.
However, in Western countries, there are reports on the usefulness of topical application of a
liposome lotion containing prokaryotic DNA repair enzyme (bacteriophage T4 endonuclease
V) and oral administration of 13-cis-retinoic acid in XP patients who cannot undergo radical
operation because of poor general condition and the number of tumors, aiming at a
suppressive effect on skin cancer development. It has been also reported that imiquimod is
useful for actinic keratosis and basal cell carcinoma, and interferon-a is useful for
melanoma.2°

As there is also a report that delayed awakening from anesthesia occurs in XP patients, it is
desirable to carry out treatment early before general anesthesia is required.

Measures for eye manifestation
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For the purpose of education for eye protection from sunlight, prevention of cataracts and
early detection of intraocular tumors, it is useful that ophthalmologists check the eye
manifestation of XP patients every 3—6 months.

Measures for extracutaneous symptoms, such as neurological symptoms

There is no useful evidence-based therapy, as the pathogenesis for neurodegeneration of XP
is still unknown. However, rehabilitation can be carried out to deal with motor impairment
and intellectual disability associated with neurodegeneration. In many children with
neurological symptoms, their development tends to be delayed for their age, and their peak of
development is achieved at approximately 5-6 years-of-age, before school age. Therefore, it
is desirable to bring the peak of development to be higher by early rehabilitation.
Encouraging educational activities, whole-body exercise, massage, and parent—child
swimming from infancy and childhood. It is important to allow such children to have a great
deal of experience by stimulating their five senses (e.g. listen to music, watch a picture book
and draw) and promoting communication with others. Although hearing loss often occurs
before and after starting school age, hearing tests should be carried out at regular intervals to
start wearing a hearing aid device early in order to prepare an environment that allows
patients to enjoy listening to music, watching TV and engaging in smooth conversation,
which leads to maintenance of acquired language and enhancement of the patient’s QOL. As
loss of muscle strength and joint contracture come to be gradually remarkable after school
age, encourage patients to visit a department of rehabilitation regularly for the purpose of
delay of progression of motor impairment and suppression of contracture. In particular,
practice stretching mainly in the lower limbs, and instruct the patients’ parents on
dorsiflexion exercise of the ankle using a tilt table. In consideration of making an arch
support and ankle foot orthosis because the ankle is easy moved to the equinovarus position,

aim at prolongation of the period that they can walk. During this period, activity in school life
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becomes important. Therefore, seek the cooperation of teachers in a support school, confirm
their activities in daily school life and suggest an exercise instruction menu depending on
each patient. Also, the amount of speech can decrease. In such a case, speech therapy can be
added. Patients aged 15 years or older have difficulties in ambulation. A wheelchair and a
supporting structure to maintain a sitting position are indicated for such patients. As joint
contracture and deformity also advance, provide an appropriate wheelchair, prepare a
supporting structure to maintain a sitting position, prescribe orthotics, and provide
rehabilitation in order to maintain the patient’s activity of daily living and reduce the burden
on caregivers as much as possible. If muscle tonus of the upper and lower extremities is
worsened and nursing seems to be hard, treatment with botulinum toxin might be
coonsidered.?” Orthopedic surgeries, such as tendon transfers, were carried out in the past.
However, currently orthopedic surgery is seldom carried out for the following reasons: (i) as
activity is decreased during hospitalization, neurological symptoms progress, which take a
long time for the patient to recover from; and (ii) some patients cannot recover to the original
level.

Dysphagia and respiratory disorder progress from the late teens. Choking and aspiration
pneumonitis occur easily. In addition, sudden dyspnea as a result of larynx dystonia can
occur, and emergency treatment might be required. If the frequency of respiratory disorder
increases, separation of the laryngotracheal tube or tracheotomy might be required. A
percutaneous endoscopic gastrostomy is often constructed for improvement of undernutrition
caused by poor oral intake. When neurological symptoms progress, cystitis as a result of
urinary retention and dysuria can frequently occur. Such a patient might have to visit a
department of urology. Even if patients have difficulties in communication as a result of
aphonia and advanced disturbance of motor dysfunction, their comprehension of language is

commonly maintained. Therefore, make an effort to improve the patient’s QOL through
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active communication using a hearing aid device, as well as the residual auditory and visual
ability.

It has been reported that neurological symptoms of XP are caused by oxidative stress.?
However, it will be an issue in the future to examine whether anti-oxidants are effective. In
addition, it has been reported that a low dose of levodopa is effective for larynx dystonia,
which is considered to be a cause of respiratory disorder in XP patients.?®

It is required that not only parents of children, but also the teachers in charge of the child
understand the aforementioned information. It is desirable to treat XP by not only
dermatologists, but also a team consisting of pediatricians, neurologists, otolaryngologists,
rehabilitators and ophthalmologists.

Genetic counseling/life consultation

As XP is a hereditary disease, genetic counseling is indicated for all XP patients. A genetic
analysis is carried out easily and quickly by polymerase chain reaction-restriction fragment
length polymorphism for XP-A patients whose founder effect is strong. In genetic analysis
for other XP genetic complementation groups, a sequence of all exons is required. However,
as a possibility that the XP gene mutation might be associated with the clinical severity has
been mentioned, it is very useful from the viewpoint of not only diagnosis, but also
estimation of the prognosis after definite diagnosis.

In Japan, carrier detection and prenatal diagnosis are limited to XP-A, in which the most
severe symptoms are found, and easy and quick diagnosis is available, and requires severe
review by the ethical committee of the institution where the test is carried out, and adequate
informed consent for clients before the initiation of the test.

Prognosis of XP patients is extremely poor in Japan, where there are many XP-A patients.
Onset and progression of cutaneous symptoms and neurological symptoms bring strict

protection from sunlight and limitations of going out, which impairs the QOL of patients and
23



WEST v6.6.0-LIVE for Wiley
jde_13907.doc

their family remarkably. In addition, considering that there is no therapy and that this disease
can be inherited (genes are inherited to the next generation), XP patients and their family
have to bear considerable burden economically, physically, and mentally. Therefore, patients
and their families are required to receive mental care provided by nurses, genetic counselors,
and clinical psychologists. An exchange of information between patients and families
through a society consisting of XP patients and their family is commonly beneficial.
Prognosis

Patients with typical XP-A experience choking and dysphagia from approximately 15 years-
of-age, and might require tracheotomy at approximately 20 years-of-age because of vocal
cord paralysis and larynx dystonia.

They commonly die of aspiration, infection or trauma at approximately 30 years-of-age. Vital
prognosis in patients with XP/CS is approximately 5 years, because it is complicated with
renal failure. Recently, few cases of death have been attributed to skin malignant tumor,
because diagnosis of XP is carried out early in the patients’ lives. Consequently, if
appropriate diagnosis of XP cutaneous disease is carried out early and appropriate protection
from sunlight is carried out, the prognosis is good.

Conclusion

XP involves serious inherited photosensitivity that occurs as a result of a deficiency in the
repair ability of UV-induced DNA damage. Clinically, photosensitivity occurs repeatedly
with every instance of sun exposure, and photoaging including freckle-like dyschromatosis
progresses; in addition, malignant tumors appear on the skin that is exposed to sunlight with a
high frequency when patients do not carry out strict protection from UV. In the majority of
Japanese patients, XP is complicated with abnormalities in the central and peripheral nervous
systems, such as psychomotor retardations of which progression and severity greatly

influence the prognosis. Diagnosis of XP is made with various DNA repair tests and genetic
24



WEST v6.6.0-LIVE for Wiley
jde_13907.doc

analyses. Definite diagnosis at an age that is as young as possible, sun protection education
provided by professional staff, patient care, and early detection and early excision of
malignant skin tumors greatly contribute to the improvement of QOL of patients and their
families.

We hope that these XP clinical practice guidelines that we developed will be helpful in
clinical practice.
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Table 1 Genes responsible for xeroderma pigmentosum, and its clinical and cytological

characteristics

A XPA9q34.1 ++ 9.7 +++ <5 04
(31 kD)

B XPB/ERCC3  ++ + —to ++ 3-7
2g21 (89 kD)

C XPC 3025 (106 ++' 14.0 - 10- 10
kD) 20

D XPD/ERCC2  ++ 38.0 —to ++ 20— 0,77
19913.2 (87 50
kD)

E DDB21l1ql2- + 38.3 - 40- 2224
p11.2 (48 kD) 60

F XPF16p13.13 + 437 —(?) 10-  1/7-2.2

28



WEST v6.6.0-LIVE for Wiley
jde_13907.doc

(126 kD) 20

G ERCC513q33 ++ 32 —to ++ <5 06
(133 kD)

V POLH6p21.1- + 415 - 75— 2445
6p12 (83 kD) 100

"No exaggerated sunburn occurs. BCC, #++; Dy, ultraviolet radiation dose that gives 37% cell
viability after exposure to ultraviolet radiation; UDS, unscheduled DNA synthesis.

Table 2 Clinical type and frequency of xeroderma pigmentosum in Japan

XP cutaneous disease: 45%

XP-V, XP-D, XP-E, XP-F, XP-C, XP-G

XP neurological disease: 55%

XP-A, XP-D, XP-G, XP-F (exceptional)

XP-B: rare worldwide; no case reported in Japan

XP/CS complex: extremely rare (3 cases)

XP-B/CS, XP-D/CS, XP-G/CS: rare worldwide

XP, xeroderma pigmentosum; XP-A, xeroderma pigmentosum genetic complementation
group A; XP-B, xeroderma pigmentosum genetic complementation group B; XP/CS,
xeroderma pigmentosum eeee; XP-D, xeroderma pigmentosum genetic complementation
group D; XP-D/CS, xeroderma pigmentosum ee+; XP-E, xeroderma pigmentosum genetic
complementation group E; XP-F, xeroderma pigmentosum genetic complementation group F;
XP-G, xeroderma pigmentosum genetic complementation group G; XP-G/CS, ee; XP-V,
xeroderma pigmentosum variant type.

Table 3 New diagnostic criteria for xeroderma pigmentosum (guidelines for definite

diagnosis)
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Medical fee aid for definite and probable

A. Symptoms 1. Symptoms of chronic photosensitivity (characteristic pigmented
freckle localized to the sun-exposed skin that is more prominent for the
patient’s age, which may be associated with skin atrophy, telangiectasia etc.)
2. Symptoms of acute photosensitivity (excessive sunburn reaction after
minimum sun exposure) (see note) 3. Skin cancer on sun-exposed areas in
patients aged 50 years or younger (basal cell carcinoma, squamous cell
carcinoma, malignant melanoma, etc.) 4. Progressive neurodegenerative
symptoms of unknown origin (e.g. hearing loss and gait disturbance)

Note: The following characteristics due to excessive sunburn after sun exposure:

Patients experience sunburn caused by UV of which level is much less than the level that
healthy subjects experience sunburn, and develop excessive inflammatory edema and
blistering that are not found in healthy subjects; a peak of development of sunburn is delayed,
the peak is achieved at around the fourth day, and it takes about 10 days until it disappears.

B. Examination findings 1. Peripheral neuropathy (decline of deep tendon reflex;
sensory-dominant axonopathy found by a peripheral nerve conduction study.2.
Abnormal findings (hypersensitive to UV in terms of colony formation;
decreased level of unscheduled DNA synthesis after exposure to UV. 3. Lethal
hypersensitive to UV in patient’s cells, or enhanced susceptibility in the
presence of caffeine. 4. Hearing loss (abnormal wave | and Il of auditory
brainstem response; decrease of the hearing level on the audiogram)

C. Differential diagnosis. Differentiate the following diseases: porphyria,

dyschromatosis symmetrica hereditaria

D. Differential diagnosis 1. Gene mutations in either XPA, XPB, XPC, XPD, XPE,
XPF, XPG and XPV

Categories of diagnosis

Definite XP:
Categories of diagnosis

Definite XP:

1. A patient develops the abovementioned symptoms (A) or is suspected to have XP
because the patient’s family developed these symptoms, and pathological mutation
is identified in XP-related gene by genetic analysis. 2. A patient develops either of
the abovementioned symptoms (A-1, 2 or 3) and meets the abovementioned criteria
(B-2), and the DNA repair ability is restored by introducing known XP responsible
gene in genetic complementation test while pathological mutation of XP
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responsible gene is undetermined or no genetic analysis is carried out.

Probable XP

1. A patient develops only the abovementioned symptom (A-4) and meets the

abovementioned criteria (B-2), and the DNA repair ability is restored by
introducing known XP responsible gene in genetic complementation test while
pathological mutation of XP responsible gene is undetermined or no genetic
analysis is performed. 2. A patient meets all the abovementioned symptoms (A-1,2
and 3).

Possible XP

1. A patient develops only the abovementioned symptom (A-4) and meets the

abovementioned criteria (B-2), and the DNA repair capacity is not restored by
introducing known XP responsible gene in genetic complementation test or no
genetic analysis is carried out. 2. A patient meets the abovementioned symptoms
(A-1and 2). 3. A patient meets either of the abovementioned symptoms (A-1 or 2),
and it is denied that the patient has a disease with symptoms the same as XP. 4. A
patient develops either of the abovementioned symptoms (A-1, 2, 3 or 4) and the

patient’s sibling has a diagnosis of XP.

UV, ultraviolet radiation; XP, xeroderma pigmentosum.

Table 4 Assessment and classification of the severity of xeroderma pigmentosum
Classification of the severity

Medical fee aid for patients with stage 2 or higher

Indicator to assess the severity of XP

Cutaneous symptom (D) score

0 Exaggerated sunburn: 0, No; 3, Yes

o Freckle-like eruption: 0, No; 1, mild (only from the bridge to the buccal region); 2,
moderate (expansion to the entire face); 3 severe (expansion to the neck and shoulders)
o Skin cancer: 0, No; 2, Yes (single); 3, Yes (multiple)

Extracutaneous symptoms (N) score

0 Hearing ability: 0, Normal; 1, decline (no hearing aid device is required); 3, decline (a
hearing aid device is required).

31



WEST v6.6.0-LIVE for Wiley
jde_13907.doc

0 Movement: 0, no disturbance; 2, gait disorder; 3, wheelchair; 4, bedridden

O Intellectual function: 0, normal; 2, disturbance; 3, difficulties in daily life

o0 Swallowing and respiratory function: 0, normal; 2, sometimes choking; 3, aphagia and
dyspnea; 4, tracheostomy and gastrostomy

Severity of cutaneous symptoms

o D1: D score of 0-2: early cutaneous XP
o D2: D score of 3-5: pre-severe cutaneous XP
o D3: D score of 6 or more: severe cutaneous XP

Severity of extracutaneous symptoms

o N(0): no neurological symptoms

o N1: N score of 0; early neurological XP

o N2: score of 1-4; progressing neurological XP

o N3: N score of 5 or more; advanced neurological XP

Classification of XP depending on the severity

o Stage 1: D1 + N (0)

o Stage 2: D2+ N (0), D1 + N1

o Stage 3: D3+ N(0), D1+ N2, D2 + N1

O Stage 4: any D+N3, D3 + any N

" Aid for medical expenses is indicated for patients who require continuing expensive
medical care though these patients are not included in a certain group by the severity
classification for xeroderma pigmentosum (XP).

Figure 1 Flow chart for diagnosis of xeroderma pigmentosum (XP).

Figure 2 Follow-up of patients after definite diagnosis of xeroderma pigmentosum (XP). UV,

ultraviolet radiation; XP-A, xeroderma pigmentosum genetic complementation group A; XP-
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B, xeroderma pigmentosum genetic complementation group B; XP-D, xeroderma
pigmentosum genetic complementation group D; XP-E, xeroderma pigmentosum genetic
complementation group E; XP-F, xeroderma pigmentosum genetic complementation group F;
XP-G, xeroderma pigmentosum genetic complementation group G; XP-V, xeroderma

pigmentosum variant type.
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N UV-Radiometer UV—-Radiometer UV—-Radiometer Model IL1400A
A %E 2= UVR-305/365+D UVR-305/365+D UVR-305/365+D
ProbedE—% 365nm 305nm 305nm 311nm
T1ILEZ—TFL 4.87 0.56 1.87 1.95
48.70 5.6 18.7 19.5
0 0 0 0
T4ILE— A 0.09 0.00 0.00 0.30
0.90 0.00 0.00 3.00
98 100 100 85
J4)LF7— B 0.10 0.00 0.00 0.30
1.00 0.00 0.00 3.00
98 100 100 85
1)L — (HHR) 0.11 0.00 0.00 0.30
1.10 0.00 0.00 3.00
98 100 100 85
KXLAIE 0.12 0.00 0.00 0.40
1.20 0.00 0.00 4.00
98 100 100 80
UV AR/ — 0.99 0.06 0.22 0.24
9.90 0.60 2.20 2.40
80 90 88 88
Sunveil Sunwear 2.30 0.21 0.70 0.65
23.00 2.10 7.00 6.50
53 62 63 33
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3. MADOHE (EMHBEERVBERBERMTEL, )

EFEMFLRE ( xeroderma pigmentosum: XP ) 133E4MRIC & > T4 U5 DNA H%E
895 EMTERWDITEEL D BRI R E RIET 5 @R R GRS
T, ADDS GBEVHEOSDOMMBASNTHED, ﬁ@f&ﬁﬁﬁ@iﬁﬁ e

D& 3% 5, 7
k
‘ fﬁ%«j By 5 o ot = %

D, BRUHEEEIIRIZDIT 1 MERE, UVIERHLEOREHEREB A S
TW5, ELVLBHZEEL, R0 EYREREEETS ZETRMADY RS
ZEBTE, MREERCHLTHIBREOFRTES I LIIBELRKC L TEE
THb, ABBRZRTRBICHL, BYRBEREZTADL O EHBBHELE
TDOORELEST S OVFRROBNTH S,
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L FEpispoRE 0

XPOE .
2 B O SR PRI S L (5B L
B B BRI BRI KBS 3,
ABEFIIZ L AADLIE FICHEE DS SHE,
— B ERARBETHII AR EERTAEOLEE

FRRFEIR DOBEILZER TE VWA, EHFEMITIZER TS,
XPOBIFZWr MARE N L7207
XPOREERICIMZONT-, >HEEDHEICLDERE /B

XPDS 1 DERE
TRRRE D%

ITEA~DEE T LS DR
Yo 27— BT 4V ADOFE . B2 D3OS
FRRIEIRZ DR WEBE TOR 5 X8 (Bim DR etc)
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BRI REDPSHilaZ ALV -REHERALSRIEDORFE

(H26-28 AMED)

XP-AQD fa#E]

EE= DR

A

[ZDLNT

XP-DMHIEREZ (X, PIRH o RHEE TOHRREBOEEICE LU,
SR T ZERE, HITIEE . HEE, MpOEFH o xR X205 H]

BTRESY LGS,

XP-AD iR EZ D IRAITFATH LM, BRIER b LAHIR

IBESnTULVS,

Weissman L et al. DNA repair, mitochondria, and
neurodegeneration. Neuroscience 145, 1318-1329, 2007
ERIZ. XP-ADFIRKIZHE N T, BIEX FLRAT—H—TH%S8-
OHGA>8—-0HAGANEEBA S v T LY S,

Hayashi M et al. Oxidative nucleotide damage and
superoxide dismutase expression in the brains of xeroderma
pigmentosum group A and Cockayne syndrome. Brain Dev.

2005,27:34-8.
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XP-AREBICEBTAFEREEEXEERTT
FHRE R (n=49)

Section 2 EEEE
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Section 1. B &3

05013 0.6077
== o8 e
Nl 03732
o By
.= N 0315
1T 0.6244
0.3409 05835
mEY 0 R
[ .5 e
0.4916 07511
0.5261 0.6658
02825
section 1 @D/t 0.5581 0.671
0.6068
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=

LT EREEEAe (HatR BFBORII RS (G
Sy HRbF RS

RIBBORMIEEZE) )

PR BRHEEE 12 (NF1) DERERIZ I3 1T B Fi 7= 72 AIE—NF1 & DownfiEBERE « BEEME
JBRZAEDAPE. NF1 & BNERILE &L 5 MR EMEIE DA PR, RIERIREEIC

X9 BElastography® A ., mosaic NF1IZA: U 7= BEAER RS RS e

W EE AR B BEERRERER BdR

=]

NF1OZIEOF T, ek BN TRy o 7=skin- + organ manifestation2¥Z2 H 3L, FILHIZ
X5 BRSNS LB 72 D Z &N Do T BERIRFT ORI 72 fif AT & IEREZREIRIT, NF1
DIFEO ISR 2 S DIZEED, NFIZIEIZB W TS DIZHB LTV REBIWNE & BIRIESH O

%Kﬁﬁﬁéﬁﬁmﬁé%®t%26mé

FED A HHE,
PR MEE & DA DFHFI,
BezWroA AP, (4)mosaic NF1{

(1) NF1 & DownJEMERE (Trisomy’i)
(2)NF1 & neurodegeneration with brain iron accumulation(NBIA) & &z Hi15
(3)peripheral nerve sheath tumoriZx}9 Belastographyz & el
CIE(E L T /=diffuse neurofibromafN ®nodular plexiform
neurofibroma?>» &4 U7~malignant peripheral nerve sheath tumorlZ-2UVNTERE L 7=,

- BRI

A. BREEH

NF1 OB el TH ST, kb Tn
2703572 skin—+organ manifestation 2332 H v,
FNHITXFL, Eﬁgéﬁffﬁuu E’JXTFE%)‘ME b
ZEND D, MR EIHNIEE VT EROEDFTH
A3t LILT ., pathogenesis ZBHSNZT A Z &
IETERWVDE LRV, Z1H—D— DD
EEIEMICEH L TR L TR, Mkomits £
DZEBRKUITHAD, FTEENMREL TE
peripheral nerve sheath tumor [ZXI¥ 5 24T

A HAZEGEZEEDOBERIZOWTIX, BERZH
@ﬁ}iﬁ Lob\—(*{ﬁ\ni‘%ﬁ‘o 7L\_.o
B. #WFZEFE

ZEEN 30 E[] NF1 ORI LT CEX 72T,
FENFINEAT > CETIER], 2N E21T- 7
JEGI, fEREIND Z L DN 57~ rare case
EEZONDIENZ ., MEf LTz, £OHRTHIIZ
D EDOTEFRCMBA, BB ILE b
S THRHMENEI CE oxtin Lo T, AH7am
G2tk e, AR%E & T,

(fmERm~DHLE)

BEBLOFRRIC, BRZEHZ2 502 ToOmA
WAL TEENLDES - FIE - fafted, FEER
D TR IMEDETIZE L CTix, #6284
D53 IR BRI - B M - e - iR
VBT S T BRORIRIRIE . G2 L TH 5 9
EFTHH Lz, FEBARTESCHBETE R 2 H

52

WA - FEERT D Z S IB L TR, TR L
FIEAG, FEEEFIANERETE VLS,
—WE T T v TEST,

C. MIF#R - e, ThoicxdsEBE
(1)NF1 & Down JEMERE (Trisomy ) « HHE MR
FIEDOEBHE] © BRI 21Trisomy Z&BF L. 2 7%
11 2 A BRI D N R RABRIE (S5~ D AR I 23 T
bivTnWbd, BHMHEED Hodgkin 8 T, R AR
DAMPFTHLE LTS, BIEORBILNFL TH
Do A WERE, KRR - NURIZ 256 U - MR R R T
DTN SNZ2 Uiz, R « Mk
AT & 0 BYEMEEAOE W Lz, T e v
AR e 2T A ROV Z ERICERE, it
(24 U7z 2 IR M YL L2 %6 LTI B A C
R Uy BEEVERRBE XM AR/ T U A R ke
Z 5% LiGHs L7, NF1 & Down JEMERE & DA HFFl D
1%, van Leeuen & (Clin Exp Dermatol,
21;248-249, 1996) . Satgé & (Am J Med Genet
A, 125A594-96, 2004) . Scahffer » (Spec Care
Dentist, 34;313-318,2014 ) . Ali & (Indian
Dermatol Online J, 7;198-200,2016) \Z& 5, 7=
72 LEH OSBRI =4 - A B4
PO HEEDOEPFO TG Z B AN T2 X
WEDOEPHEF OFEEITLVZNHDEBE XL
5, NP1 &SRR E & &ML Glimour
5 (Br J Dermatol, 144;397-400, 2001) . Johnson
5 (Pediatr Dermatol, 32;113-117, 2015) 12 & ¥



HERTWD, ZELZ0X 97 3 F (Triad)
DEPHI OB EIZHD TO LD TH 5, FIAMEE
BT R ERIVER IE D —FCTH 0 | 4P EREEHE
HEDOHFEPBES I TWAHA, EHIC T A -
RIEVES A N1 A OS5 - INF-a DR - TL-1
B ORE N i, FFEL LIERE A
% PAPA SEMGHESS PASH JEMERE & OBE G, B
RIEMERLEEBEZ LD L 91T7 57 (Cohen
5 : Am J Clin Dermatol, 10;301-302, 2009.
Schoch & : Pediatr Dermatol, 34;39-45,2017. -
Lindor © : Mayo Clin Proc, 72;611-615, 1997. -
Marzano © : Br J Dermatol, 175;882-891, 2016)
Down SEMEREIZ IV TITAFHER - FHEROBERESL & 23
JZ<7‘%D%ZFL“C:}'OD\ 7<% Down Nﬁﬁi T

TAPEMREZFEDNE U7 BRIC, SRR U724 HRER - HiEk
DIREF 0, ’?375)12/%3’] VZAFE T 2 Al R S
f%?fﬂz bWz LZiEE5T b0 & Eb
b, 72721 Down JEMEREIZISIT D B IRGIE O
HM:. autoinflammatory disease & DE§b v, &
b\ot%ﬁ%ﬁ?—vwﬁﬁnﬁiiﬁ%&%ﬂﬁﬁﬁiaéh

UL, WEOBEEEDOBRICHERIALND S
DEZBZBND,

(2)NF1 & JNERTEA & 1 O PR ZE MEIE D& OF
51170 % B sporadic case @ NF1 #23  menatal
retardation (FEMIEENEREDIRIT) Do, fiE
BRAFHTH D, (K5 - WUKIZZHD cutaneous
neurofibroma ., F 72 T & 12 % ¥ @ nodular
plexiformneurofibroma 23 {ELET DI D>, FMNK
TN LW D ERIRIIRHE A AT 5, unusual 7Sz
REDLEAL, unusual 72#3{T—Parkinson BEAXM TN
2o, FTEBERENERICTIE L TV, JRIA
MR DT, WMRL 24T > 72, MMM, BV
WC R SERILAE DA DIV, FETRBER « BRI - /N
BABRIRAZ N S BRILAE DR BTz, MRS o TTE
WX O BEREE DB EZ KT DD EE X5
niz, 7723« 7= F2 «NSE IHIE
W TH o 7m, AFEWIE neurodegeneration with
brain iron accumulation (NBIA) IZ/@9 5 H D

LEZ LA, 1/1,000, 000 FEEOH 7o BEE T
HoH eI, FRELGTFORBRLENTEHT,

ASEIL, ﬁ.kfﬁ% Ko TZWEEN 72 S 4,
subtype IZEEINHZENL (ETELZEZZTYH
JRKGE R 1 DRFE T X 70 WVREEEME NBIA 2SMFAES
HEIND), KIEFDOZWIZ- OV TIL pending
LTz, (RIEFIOZEICIT, B EERRKFEMR
WE ARG REdRO ZIEE #157,)
(3) elastography % &ieHH Lﬁ@ﬁﬁﬁ
ﬁ.ﬁEEﬂk%thi\ﬁloﬁﬁ H
FJERE « FERRANEL - /NEAVER 32 D Bz éﬂ@“
[FIEERIESE - WRAE - AR 8D “RAETa—7

53

DT RT%h, AR LfmEfl (RREEY) &
TIT->C&7e, TLTAFIL NFL ITET D
peripheral nerve sheath tumor @95 &, &0
I} nodular plexiform neurofibroma DELFZK
2 X B2 Wr & BIF—%FIZ malignant peripheral
nerve sheath tumor (MPNST) Z3&#iE L7-F8. Al K
MR T 5272007 Ve —F—2EHE/R
bOLERTE T, YLHGRIMEE & PET/CT O
A, VIIEMERZE ORI A A TIE R o7,
NF1 TlEE7/z. = ® systemic cancer proneness
&N D PSSR T E O X R, CT AR K D #tg s,
MPNST RCFLJ « MRS DFEA Y 27 Zimed D &V
I LENHEER SN TVDLHEENL, MRI &
elastography Z & s HE IR ZWOM AT %2, F7-
2 #if% modality & LT, % D NF1 BB
TEELTN Z LD, ARAROTIERW—,
EEZTERE (BFE2010), BEERBZE L
nodular plexiform neurofibroma (Z 3> T .
elastography T i 2 OISR L 72,

O—#®» nodular plexiform neurofibroma DN
HIZBWTHAONLIN, Z0HLDO—HNLD
malignant transformation D7=DIZAE U & E %z
H¥L5 early nodular plexiform MPNST (Z AT
% . zonal distinction XBAMEE 2o 72, @
elastography IZMET a—ZfAGhESZ &
X - T, RHIOEMEZE(L%E detect T DI
B bz, OHIIEEDENEZ detect 2D
2. elastography ZNEZNTH D Z E ML
Sfz, EHIT, ORI 5 Z LN TE
72 /x> 7= diffuse neurofibroma PN @ /[NTY D
nodular plexiform neurofibroma {ZFWTH, #H
FRAMEDIEN NS elastography TIXEABE I H
S, RIERFHTOHD Z B LT,

(4) mosaic NF1 BVEREITIFE(E L T = diffuse
neurofibroma N @  nodular plexiform
neurofibroma 7> 54 L?l MPNST : 46 5% B, 353
FNZHB DB S AFAE, TRl %@@ﬁ
BESRMSIERE LAB®, S 512 10 AR Em N
WS 2 i35 L 912k o7, 2D 6
PARNCEERIERZE LD L) IChholoizd
X, HBHO NF1 THLN DD - diffuse

neurofibroma  nodular plexiform neurofibroma

& FRIRAYIC & IR S KB L 2 22V DS
HHARNCIRBPECAAEL TR Y | TR 21T -

7= FHAERFMY S diffuse pigmented neurofibroma,
BLORZEOWNEBIZTFE L7 nodular plexiform
neurofibroma ., ¥ 7= % @ nodular plexiform
neurofibroma 7>HIEAEL7-EE z HiLd MPNST,
LWL,

Z OBEIIIMICEAFEINI T > 2D T, R
A D late stage IZ. BEEHIZ first hit & LT



NFI @ somatic mutation 23 & T4 U7z mosaic
localized NF1, & L <% segmental NF1 O HFE
ThobLEBEZOLN,

Z Z T mosaic JHE L LTCORFEMD diffuse
neurofibroma . ¥ X OV nodular plexiform
neurofibroma N&H -7, EWVWH T LT, bbbk
R L~ L CT— DT L IUIT NFL B D2 H
WY SHIC—HOMIET, Hizlmlao v

SULTE DT LU 2B B OFTRARNET,

neurofibromin @ & FE ¥H 25 (LOH) % K 7= L .
neurofibroma WAL Tz, ¢&E2x6Nh5 L, F
72ZDOWNEFTMPNST NAECT-E W) Z &ix, 22
\ZE BT CDENZA R0 PTEN, p53 %5, 2 fhofiE
BRI G OERN M7=, EEZBND,

AFETIL 4 DO FEIT OV T~ 7z, NF1 DJFRE

DR AZ RS 24 RG22 R LT k=
ToO—Bht7en, BEICKTLIZHFEL L EED
HZEIZEBRTDEEL WD, FI-RMOFIE
IZOWTIE, Mm%, Aohizcsn T Z &2 E
ATWND,

E. BFZERE

L. EmSCHEE

OfF: B : Down SEMERE (21 Trisomy) Z&0F L.
4 RE R EHE MR RE & FE U 7 MR B HE EE 1
AINFD) &1 1 5ER]. BARL Yy 7 ) Ty
VIR RS, 8, 30-35,2017

OFF B hERMEIEE 1 B oo RIS
R B RIS E N D IEBE O T 5 FFE e A
FIZHIL T szl oy, BEARL v 7
U TRy aet, 7 26-36,2016
OF¥Ef BA : von Recklinghausen ¥F. FZ)JE¥# £
BT OIEHE 2017-2018 (JEE— - 1) 1148 EHR) |
FALA: (A0, 238-240, 2017
OWfER - BFF B - ABET -k &F- &
JERAD 7« MLIRBF R E IR AT T RS2 e A
7o BVERE TR, BRAREE, 64 : 1229-1235, 2016

2. PEREE

OFH W BUSEHE DR MEAE 1 7 (NF1)
BEICTXD 2L, 6 116 MAAKLER SR
2 Rl RUER) . 2016

OfF B FERHE D MR RRHEIEE 1 BB 12
TEDHZ L —KROHNE—, BHAREERSS
BALARSIR ARG SRR S - iR (IiB) |
2016

OAF B MRERAEIEIE 1 BOBERICRB T 5
o 7eim, F8mHAARL Yy 7 U T ATB R
FRFIRE CKT). 2016

OfHE: Bl: Ly 2o uPodEe i
®Hs, Ly Z U in EEHEES, b
HOE GRERD)., 2017
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BT BRI e: (AR B EBORIIE S (IATER BEORITTESE2E) )

SR
HARANL Y Z U TP {EED

NF1E s -2 2 & AR E R B B3~ B k4T

WHFE s KA S FOCEER ERR R G R RR A B

G Aa=

Per Ofir 22 Lic by 7 U o 2B UREE T 2 W 7207221741188
A (86.6%) DFFREEZ BN DHNFLBAGFZEED B L7z, FRC, NFLBR -2k %
ETYLARITqLIFEIR O R X 7o KR Z 7R LTZIEBNZ X, FHEA 72 BRRIEIR 2 Ff> — 2D
TN—=TWEENTND Z & 2 MEFEEOREEICHR Lz, NFl@EaFaR ke R L
JEGILSN CERDON- B0 DR E TRT 5 Z LI TE o7z, BKRIERDZ
FEMEIL. Modifier gened» %\ MZhormonal environment DS NEE THLEEZ BN
Do

BEwEC 1, PIHC 1, FREAL, R 22, INEHERES 2 | EAF51T 3
1. BOUEERERRAR G R

2. BERBNFEFRERR R T2 —

3. BMEFRBN AR R O B s - A 2 AT

A. BFFEERY

AARNL > 7V o TTB Rl O NP BE AR & BRRIERARBI DV TG L7,
B. #%EHE

MBI, BARANV Yy 7 Vo IR U RBEE G E LickitRe— 7 = — L g
Hrosxvz vz NP1 Bl FERRBEITOVRERRKEEZEZD D L 90%LL EOEWEHFET
EHRAEZRECTCETLLZEZ2HE L7, (Maruoka R, et al. (2014) Genet Test Mol
Biomarkers. Nov;18(11) : 722-35.) Fkx Oligk a2 L7z 20 &L Lo Ly 7 ) o 7o €
YIEE T 2V I2N T 217 AT 188 ADRIA L B X bvd NP1 s TR 52 L
Too ZORER & BRRIEIR OB OV TGS Lz, Zod, fmBElm~DiE L LT, &zt
MR SENL » TRE & 2 H0 AT B O AERZEA L Lo BB L2 T L
TWn5,
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C. WgEfER

1. NF1 {125 AT
l:ji%xj\bf_ﬁuufbé’] Ly 7 U Ty Udn e 2k S, NFL B s 28 BT
1%2 T 72uiz 217 AH1 188 A (86. 8%) DIFIR & BEZ LN DFERITRD LB Th 2,
Wﬁ:@lj\]p)i' T, frameshift 28 : 70 A (37.6%). nonsense Z{/E 62 A\ (33.3%). splicing
ZH 20 N (10.8%), R&EZexsk 23 N (12.4%) (N, BB FRE 13N (T%), #
T VRS 10 N (5.4%)). missense 28 - 11 A (5. 9%) ThHo7T,

BHDOEATOEET, BEORELFELWVIRY T2 7z, 708, missense Z2HIZEH
LT, BEREDTRCRBE STV D b0, ZBRT VLAY X NfEHTrY 7 & 5 FlfEEZ A
THRK & 535 2 DN ER OB AT FATINZ T,

NF1 B BO54E, exon BT, exon2l IZERZRUTZEBEENR L T 10 A, exonb
& 16 238 A, exonl2, 28 & 3737 A CTh oz, BEMA & FARICKIKE B 2 Hid NP1 iE
a2 HLT hot spot X720y > 77,

2. NFLBIZF DX A 7 L EEARIEIRTARS
BERIEIR & U TR L7 B 2L P15
FKIEIED & 2 5EH] (50 1)
F2 & DOFRRFRAERE DS X DD T < AL HAER] (50 1)
B G DA RERRAHENE AR DR 22 & b TR WERF] (5 1)
PR DOFRRHRAERE DS X DD T AL DIER] (12 1)
REWOVE AR 2 42 U7 5Ef] (12 1)
MPNST % /£ U7 (11 1)
s 2 CT e (5 1)
GIST Z A= U7 (4 fi)
SHEWNRES 2 4= U7 R (5 61)

W INRE B SRR C & 2R VWERT (5 i)
FE°TT Glomus S 2 4 U7 5ER (4 1)
7 R R 2 A LTRERT (3 )
Scoliosis DBEZE 72fiEf5] (Cobb 4 50 FELL F) (15 1)
FHED dural ectasia/scalloping & 2\ MEBlIERE OREE 72 fER] (13 1)
MmAERE (BIRE, EBEIRE R &) Db 2iERF (4 4)
B R (KPET 140em BUF, LT 150em LIF) (11 1)
mY R (170em LI L) (17 f51])

UEOHEBIZBE LU TNFL BIFDH A7 (frameshift 252, nonsense 2% splicing &
BORERRK, missense ZH) L ERRIEIRFBIN & 2 Hiist L7238 B 2> 72 BsE ML R,
HEZehotz, 2B, OEGETHDLI I/ N—T I8 FREE X7 LTIERIDN 24% 5
ODTBVFRICERTHS T,

&fﬁk

?

%

o)

@6@@@@@@@@@@@@@@@
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BISME, TRk 27 FEFERF TR ISR L 2B a7 R E L OERITH D, BEETK
Jek &1 LIEGBNE., BERIERN D “ oD /A —FREENTWD I ENRBENT, £
DO E DA, dysmorphic B, HEMEHRE (HRAL Y7 U I ATBURHREE O
BER LR L T) CHRRMEENZHE L TWE 7L —T, I 0EONEF A7 DY
N—T"Td %, Post-zygotic mosaic TOFIEDT= DA U 2 FAIE IR T HLEZ A8 M 7] 23
»H D,

3. [A—FRITET HIEFIO NF1 BB AR

A —FROEGFNL, 5 FHRT2 AT OMRBSN, 5 HAFROENENOD NI BT R
EFE—Th o728, 1 EROEREIZRR D NFL BIGFERNBON-T-, Tbbh, Ok
0 A 40 AT exonl8 12 nonsense B0 ) ONE VS 39 BB CTEELT
REKZR LI, 20O 2 EFNL, FRAFITH 2B EHNERMICEER L TR0 T (il
D NFl1 Bl FEEBRITI SN TWRW) BZ 5 <, germline mosaicism (2 K BIENE & &
bbb,

4. NF1BE 2B R THRERDS S 72 0o T E

BEIREIZ L 7 U U I B E M S e n 5 NPl BIEFARBRE THREDRS LN
TR T BB 29 JEG A ONTZ, FHRENSH 2 DI 1 EHOHZRTH-T-, i, NF1 &
BFEEBRR EOBATRBELUSIMNT, Ly 7 U o T AT B IR ORRKRIER ZRd, o
NTWRWFIKE ST O RTRENE 2 T8 TE 02w, BB FISH & & IZ RN 28
THRBEETDHRXRONL LR, bHAA mosaic JEFHEENTWDAEEMNED & 5,
D. B

NF1EAR FZ8 5 L ERRERM BRI W TIE, BB RBEERRVWE SRS, LarL, 39
DOBISBIFIET D, ZDOOE DL, NFL BB 2R E G2 BT 20 < O OBIE 20
L7z getafR 17q11 fEDO K& R RETH D, ZORERRKIT, @BESH WD NP #is
TERD D B 5% % H, RN REERIER 273, 37245, dysmorphic 72fHFL. #
BpEsE, LE AR, NEHOBKREZ A LT WEHAR D D, £o. KB OMIRIRME
RS LI VR CAE L, B TEHAEL D, £ LT, MPNST 23EHE (16%22 5
26%) 1AL D, &9 OEDOBIIMNE, NF1 BB T exonl? 123175 3bp @ inframe KK
(c.2970-2972 delAAT) Th D, ZOEREZEUTEBHFIT, RIEOMRMRMEEL -7 < £
C722vy, 3 DHOFISME., NF1 BI5T p. Argl809 124 U % b f¥H ™ missense BRTH 5,
ZOEREEUILBEIL, D7 A VR EOBBMEREILD DM, RRHEEZ 4 U
WV, 26% DL, Noonan JEMEHEFABIORERIER A2 7R 9, £72. 50%LL L CHEEILEST:
HEEL B,

NF1 Bl DK E72R&L, germline 7217 T2 < post—zygotic ICHAETU B & Shiv T
D, THETHE SNIEREARRKERTEFA ZREGNL, BERMICITERIE Tlid 523,
FOIFE ARG EYT A 7 THY ., germline |2 NFl BEnFEH %D full-blown @
NF1 ER] & O XBINTEE LV,
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EFREOFISNZERNT NP1 BIaFLR L ERERMEBIC W TIE, FLRBER RN Z
X, THxORBTHLWNTH T, T7bH NP1 BIaAHRD allelic heterogeneity
FEDLDOTRELEZEbDEEZOND, —H., Ly 27 Vo InT B mOisW gL T2
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HA RTA4 AMNERB X O EDE =

FREARHENESE 1 % (neurofibromatosis 1: NF1) [ZEJEZIX L, KFIEISIZZER

WEZET DRAGIEDRETH D V. B 2B O SR CH AR IE OB % &

DS L TENIITAIZEMT O TV 5203, AR BIRIGTERIIHD TH LVWWRETH 5.

LU G, EEREMOESRIZEY, JERIZIG CsHEREZD LT 2T RkEND

DA, AIFIZBW T 2008 FEIC HAZERSFES G NFL (L 27 U o N7 U0E)

DZWHEEAER LOVRIRT A BT A U MERRSNIZA, T2 9 F2H L. T4,

FR & 7o e RIMEER DN RAS/mitogen activated protein kinase (MAPK) #RI&ICRBE 54 5&

A DOEFIZEI VAT D Z ENHAGLNTA Y (RASopathies) ?, NF1 & $E7I 2 B4 5

LWERAbHME STV Y. Fi, BUERINCIIAk 2 235 & AV 72 NFLISKET 2 B

RABMTOR TS Y. — %, EN TN RN DI E B~ BT L, &

KEFE SN UOE STz,

FZTAEDbIVOIVE NFL 2B TA RIA L OREEITHI Z L E L. ZOSER

TIEE 1 ZECNFL 2ROEARPFEIRIZEET 5 2008 R A R4 L OREEITI & &

HIZHE 2 BT NFL OBEICET AT E T LV RIZESWEZ V=L 2 AF g

(clinical question: CQ) Z#E/RL7z. 5% LML U TR RE I ELR T

ELTWA.
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HA KT A4 v ONBERT

ARERRFEATEE BERMERETOIRITIEE ) TR S FEEGE 2 B9 5 2Rt

BAWTAORREHC K 2 B 2RORBUT IE S W o iSRS OENL ) IFFEBEDBER,  WFJEH; 1 ¥

FOBARKERF2 L ZFESNZEZELICL VRS, 2014 4F 6 A b EHIRIIC

FhaiTole. TORAARKERFAROEDZFHREANME, "TVyrars bx

Koo, AARKRERFEROARL y 7 U TN B AFFERDIA R4 v EER,

HESOHKRBEGTREEIT T2, KA KT A4 ATHRSIZBIT 2 ED NF1 D

AR, HHENRROBRLETTHDOTHD.

HRREH

RAA BT A IR CAFRRER BT O E b LIS, TA FT7 A MEkZE

BOERZENOLTELOLLOTHDLN, AHROMAICE > TIFEE SN D ATtk

W%, FIEREDBERBIORBEDRIUCE > TIARTA RITA4 oY 5 2

EHLEBIND. LI THRREAT I ERMIE, ATA R4 2@ yLlicenie

TR ELEEZGONDZ EILITERWL, KA RTA4 UL BMNE VT L ik

ERIRT T EHTERN.
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A2 AE

KA BT A AU E LB, BAGEE EHAMERESUIRITTE RS Tepi

BB REBREIZ BT 2 RS IR B BT AR FHT K 2 BHARRBLUZ DN T 2RGSO N ) D

Wtz iz, FZBIEIARTA R 74 AERRIZH T2 > TH S NS T SR MIE

AN

NF1 % 1882 4E|Z KA Y @ Friedrich Daniel von Recklinghausen (2K VX U T

EHEIN, Ly Z VIR gEE LI TV A, 1990 HFi2Z DOJRKEE 23

O E 272807, NFL B DOBRFEIHECEEIIEh 7= - 4 - LEEE XiIENhD

FrA e RBEOMIBMEIEZ L T 2. 2 oft, #het, &, IRREICLERREREZE

OF9 2. WA RTEEARREIE 2 A= U 2 AR ARHENEE 2 B (NF2) OJRINER T 1993

FIZHLNZENTHDERY Y, WiFITEBORETHS.

R

A DEBEFITH 40,000 AL HEE SN TRV, HAK 3,000 A2 1 AOEIETED

%10 FREBERICAHIZ L D 7EE 0 Y NFL IS E R AR EEOBRERBETH 58, &

FONHUEIFIHEFTH Y, RERICLVAETD .
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AR - JRRR

JEKE S 1T 17 BYafsER (17q11.2) ISHZE L, 4~/ 2 DNA 1% 350kb 1238 L 5E

KRBT TEF60 D=7 V% -, mRNA 1349 11-13kb T 2818 {HDT I J ERINE 7

AHE AL neurofibromin (ma—u 7 71 I) LRI, ED55EITK 250kDa

THsdr Y. =a—ua 74783 % Ras EBADOKEEEZAICHIE L TRY, FOHAERE

LI L Vs 2 2 &b & & biz W, phosphoinositide 3 F T —ERK G

EMAL &, mammalian target of rapamycin (mTOR) OFEEL BN L, HIFEAE & Hpff] X

no . ZORR, HaRREEECD EHRSL TV,

NF1 TiTbh &b E—FHDallele (T L) IZEENH AN, Bix RIFEHTYH 9

? allele ICTHBRENEZ > TWNDHZ ENTEHLNIR->TE TS, 72721, NFI

TIFERDOR Y b ARy MIRL, B FOREREKR ERNLREE ZRWT

genotype (Efx1H) & phenotype (FREUVH) IZHEHITZR GZew. F£72, RI—F RN

WIZBWTHZDIERIIRES B2 D,

AEAR

BRIZACDIRE L LTI 7 = - A - VBE, MRRMENE, 2EIPBERREESE, Ko

tetsE, AEMEHE O, HEMEEARFERENDD. TOM, FHRRICITEMRE
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JBRE, M BEAESE, BWA L L CERHEOLTE, MWkE oL, BimE HEE OF X

, RTINS 24E U5, ARIZBITD NFL (ZALILDEBEORBB LED

M, FERYZRT &1) 9. AT 2ERIEIZE THLH, HxDOBHEICT

NTOIERDB A SN L0 TER LS, ERICK > THIT 0 S B2 572 0iEE N

VETHL .

W, RRIRIEIRIC X V2217 9. 1988 A5 NIH (National Institutes of Health)

MOIRRINTBWRERE Y A b LB Sz BARBER A2 OB EYE 2017 (K 2)

BB LTREZIT). A7 = A VI, MRERAEEN HILITZENIES TH DD,

AR TIIN 7= -4 LEOBDOBFENFEALE TELLTORET I BN L HERL T

RN ENTW, FIEREN R TSN L VEENHDH. h 7 x4 LA 61

PLEZRD - AT BT ZE D 95% I NFL L 2S5 2819, B VE CIIRE 2 B W T

EMREITOMERH L. FEEETFIIT TICHLNISNTEY, Bin 2kt

K

RETHD. WY =7 =BG L VIR TTik & ik L CERFf#E] - k= 2 BT

DWTEDLL IR > TETWS., NIH OZM MR- LTk, A TIThh

Tek ity — o o= VAR OMHIERIE 0% L& @ ShTng 2. KK

DIPNH T =« &« LEEDOIEESOE LT NP1 SV VI & S/ D BE AT Legius JEMERE ¥ &4
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T DT DITBEFZE R LERGEN D 5. A TIFBERBRE LR b T

WL, FRERIVICITEE FR2ERN ThN D K22 o0 Liv/eu.

NF1 OE¥ A 7

& EITRENC — B L TIRBMEIC AR BECHRRAEIEL 2 5N 556038 0, il

JESRAS I LD A U AR NFL TH D EEZ BN TWD 2V NFL =Y A 7 OHEE L

AR 10%FRE T, AT TIL NI OERNH 503, HEHTIIERF TN 2.

BIOANFL OFYA 7 TH-T, b LERDSAFTHINIC KA TWZBEICIINFL O B84

FND NN D DO CHEENBECHD Y.

B3R

PR R FEE (REAIT JEBE AN ERR L7 BEAE 5340 (DNB 79%) 2% (R 3) . BUEIH

2 (D), MRMER (N) , BWZE B) ZMAGDOE TEIEEZRET 523, stage 3

PLEEZWr &, A CIRERE NG - HBffoxtg 7. 708, 2015 X

D NF1 (38 R O 170 53/ NP ERE IR ORI RIEEB L 7p > T 5.

Al

NF1 (X —EBDERRIER Rl h 7 = « 4« LEE) N4 —/3—F > 7% RASopathies
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EFRIN D IREFECHEGME O R EHA 2 60T 2 e RIEKB L BN 2 BT 256015

5 (F&4) . UTFICERBENREBIZO ST D.

1. Legius JEfERE

15 Btk 23 D SPREDI I DRFIZE V7 = « 4« VB, LI AIRE

BAELD V0 LU G, MRSHRAENE, KL/ NEED, SRR & O REE MR A

DOEPHII B2V, NF1 OZ W B HEA 72 U7- B O 1~2%F2 1T Legius JEMERE & &

ZH6NTNn5G W,

2. NF2

22 JYOMR EIZH D NP2 BARF ORI XLV AR raiE, i, BN - KT o

TIREEIE R E 2R U D0, MRRERAHEIE DO A DI W P, K A0%DEBREFICH 7 = - A4 - L

DB LT BRER A LN D05, NFL &~ ITEEU T TH 5.

3. F ot

RASopathies TIiX Noonan JiEfERE, Noonan syndrome with multiple lentigines

(LEOPARD JEf#HEE) , Cardio—Facio—Cutaneous JEfERE, Costello JEERE/ETH 7 = -

T VBRI LNASENRNH Y, & XITNFL & OERAZET L2, 2o OEETIEE

RMEDERBPRROND Z LRZW.

Z O, McCune-Albright JEERE ((A3EBE) <° Proteus JEMERE (EHESE, EI5HHE)

72 EDINFL OEERNZHN D08, W LOE B IPRARHEELZ A U5 2 L id7eu.
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EMPRRRBEEIT) TN RVEETH LS. DEMITMOLNOREITANALS
NAVUTHEITIS CTHA (CT, MRI, X SRR L) 217V, SHME ORI R
ICHRZAT 9. JEGESEL RV E 2D O THEICAZ Y —=2 7 ObichE
1T9 _RETIERV. JEEDHBL L RIEAE IR 2T oG e e A7 ) —= 7 TR
W AR LI BIZIBREIT > 1258 Tl OBEEEICB O THF IS ZE TRV & O
HHdd . AU DRI LD BERMN R 5720, —DOBEZE LTI/
(ZIEPAE~1 1T 1 EFRREE, RSB W T 1I~HUFIC 1 BIRREOREBIE 1T Z &
DEE L.

BRI, ANEMITCIREEES - B E OXE, WS OER e & OFIRE DA ES
OFE AMEMRMEIE D S ORI E T 5. KIMOBEHNH H55121E,  RAICREA
PRI I C T D 2 LN <, FRICYESR O EH S CIRRERMICEHEO L & %
T Zendbb. ARNTIHHEF CH D05,  FRZ 7L Fo/NRIZB W TR
RBIEDADHIME S WAOBEEOABIZEET 5. BFANCII NIRRT 2 L h %47
VY, REESHEREEDOFBICOWVWTORMIZITY Z ENEE L. BERHEND
IR &S OMRBMEEDS L oD L9127 5.

NF1 2NEMEER 2 A0FT 2880, WAL T2 THEEWE S, M
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1L 10-15 SR W & OENH 5 0. EBFEYN S FEH~OBITEHIX, NF1 THRHZ

EVEREYS T & L BRIt O P RER T L H D O THERELZET 5. BV

ORI IR LTS, BGOBRRED RS~ EORBELH Y, R RES

MF =y 7 X0, RERREGOHEK, WIS DOE, FHh, FROMPBIERO B &

DERIZEHLNIZ 2T DL ) ICHBMEENEETHSD. NP1 TIXIEHLE M E EE

(gastrointestinal stromal tumor, GIST) DOEHHEEENELEAIE VY G %) &

ENTEBY ™, THRICER R EOERBRON L2551, WLSRRHI R A 2 o

4. A, BORRLAT O TIZINAD Y 27 P AL VSN EHRESNTEREY 2,

EMREL 2T T 05, WD THTIEO 528, B O LBk D %2 &

B2 BARD 5. BILESHDAELEICE L TH T a—A 7 I v ORECH

BREZITY, WRGFHZ 2 PV M5, mECH LTE, SR T =y 270

RENBETHD.

B2 coEZEizawi-giahv s, DAY TR ED

YR—= M EGOLRFERR E~OHL L LETH L. FEEEREOEHHTERS

DELTT 78 E ORI I 250, 3R Y Y —ADORMLEETH 5.

Hl=p3

U4, Bk 725 FREERER DSBS S, MBS TIT NFL ISR L OS2 Vv ic %
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< OEFKRBRBITHOITND Y TS OFEFNTIEI 0038 A2 B MU NERBE 2 1)

& L7 3K & RAS/MAPK #2152 mTOR 72 & OHIIN o 7 NARE % R BT BHEE 3 5 HKHA

CRBISD P ZRHOFEANC LY, —EHOF T O NFED HITN D3,

ARFR T OMRBRIE A ITERD H AL TR,

AFEBITBEMEORETH Y, BUED L ZARIGIIRRIEIT Wz, HEITL T

THMEMERIEZAT O . FMIC &V BT DIERNRR 5720, EEEET S, BE

DIHI2 HFHRR, F, R ISR ENHIT 5720, FERICE U THHEBO R

ME~ETL, B L TRREZITI ZLPEETHD. L TPROBIAEL S ITESE O

AL S 2 W TR R OIFZE D, BERERICITE IR, OV AMEM RG2S R

EIRDN, MD% ATEEFNBREPTL LD (REITIBETA T4 g2 R~T).

1. REHRE

1) &5

KO BENERMEZER LOMELIEX THMATNS . LrLAaRs, BIE

D& ZAHBFRPEZ EEICTHR S D DHEFERIGHRIEIT RV,

a) 7= 4« LB

HE O QOL (Quality of life) ZkFET H728, FHAINL CEELZETS. 1B

B A FrXx ) Ui EOSAERR SN e Ridien . BIEE Tk«
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R —Y— I ER A WTIRIENESI TH D & OMEN R ENTE N 9% HESH

RkAE, AERRREZETEeNDDH. ZNETIENLIZAHLEI 72 -4 L

BEICKXET 2 b— =2 L2 K2 BRRBRIIIT O TR 6T, BUREREEC R

B2 RIZOVWTIIAHTH S, v I D, WAIDHHBPAZE DWE D H L3,

ELWVRIRIEAR L, ERBES LR .

BRI ORI LI R—T7 7 oo 75— a > ((bkER) bAERATH L. KIREED

R - BWER 2 3@ LaV, REEZGZ ETIHRRETT ) ZEnEE L.

b) ZEINBIERAEBE (freckling)

TR « RASERIZAE L, BRICEFIZR LN D, BEOHEINE D Z EImTHh 5.

74 M RF (7 N7 A X V+EEE) REOL—V—IGENEGETH D L oL

LH 2N, HREFH TR,

c) AENMEF OB

WEZE-oTWAHEAENEL, B LOMEE Y 55 W WA NS TS

FIEIER bR D 1 > TH S.

d) KB Dte B

ERED T E S ARBEOMBIBITEE LS, #Ra I (ZOVE AME DR SRR AR 2 28 U

LN, EER BB AITI T ENEE L. LEIZN U THEIEIR G
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2) FRREHRAENE

PRIEHAENR 2 479 2 58 O TORLA L3V EORIEZ Bik L, FiC 20024 BIFE K72

METHDLLEEZEZTEY ¥, NF1LEEDO QLIZFEKTFLTWS 2. Q0L #m\ E&E57-

OIIIAEITIERN L F L.

a) B8 DO R HE T

EREMET LA ICH LT, BEANRBIAR2O LEAOMMNERzUESED

728, AAERIEIERDNE 18I E 72 5. BV e AU R TR T2 BBk (% < 1L HHiY)

BRER T 5. BAZ T TR RE FICHRDR IRT 25 9. MO b O S LR

N X AU, BRI Y, REAH A L—P— Nd:YAG L —H—O 2 L A%

A% TH 5. HEITHAL TRV, NF1 BB TIIFINEOBERREZELT 52 L13d

fcﬁl/\ 47).

b) FHREDOPREAMENE (nodular plexiform neurofibroma)

B2 R ORISR - THRESEIICHE < fily, BT, MOBOR 2D 2L 3%, Ml B

RAYPPREGIESE DR AR E 720 5 5 O THRIEIGRAZE L L. 7277 LRI 5 &

MR Z I 95 Z LICRDOTHMRMHZ ST 2 end D, & SITREBRREIZRE

I A S 25 AN LD THEELET D Y.

c) OVFE AR MEE (diffuse plexiform neurofibroma)

IR L, RICTET D20, BAE OB b PR RO EE ] R &0

78



BRERE 2R 5. IS & 2 A A o fi RS0 I RAN A R B IS A e 36 9 5 /i

BRIEDS D 0, PSSR T D AN R OSBRI BIERAE £ L. SAATRITEIC X 0 5

WL Z AT, KRERME 2R L 7B R T2 BiiaE 3, Eiaeiin /e 21

L DIEREAT, % B MERE 21T 5.

KD G DI —EICEYRT 2 Z LIINERIGEE B H D0, AR PIER-CHkfRE L

i

AR ZAT O ZENEETH L. EEPICIISFHIEO b AV IE 23 B 5127

T 2720, GIBRFHCIZIRELMOFTREER & 5. FI 7z > TIIRATO 453 728

B ORI, MEEEREY) ICXDREOMERERT LA THE Y. LEITET

THOMOERLHHII AR THNIE, F—=7 v FOMH, B2 kM #/E2 .02

i, HBR RO OISR AAT 5. B E BB BIBALEE ° R0 ik 0 B A R D) B 2 [

DERAWZOBRLAH TS LHRESIN TS, LoL2zn b, BESEEICA UflT

TP RNE 2 5GE b2 <, AT TR Z W IR T TV 5.

ZOFRERIZOWTITFE 2 EIZELLLGEH L TWAHDT, Z2RLTCWEE720

d) FEMERAYMHRESIE S (malignant peripheral nerve sheath tumor)

R KR T D OIEE & 27 A1, B ER RV R OBENREETHD .

BROHE 1EPUTILFIHASNFIDIBR TH 223, FEAEEALIZ KV IREHPHEIER2S HRk 220

e RN O ERBIEEE ST 2 b b D, IR IE L R L

DOFHFATERN 22 B b @<, b ARETFRIT 40%RT% & THRARRTH L ™. LIENE
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NF IZEHF LD DI BIZFRITEWNE SN TWER, THEFOEITRL 2> TET

W5, ZARUCFIRIERCHRN TlEs FAER IS X 2R DR BN TW D0, RIZ

T DOUWEIZILE > TR N,

723, NFLIZEGF LTS 9 2 B dia i E —RAG 72 R (RIS R e

REEIEE) DV A7 2@ L ORELHLDOT, EEPLETHD ™.

3) OO FRHE

a) AEEMEE A2

HDRRZ IR LIREFL TA BN, 3T D2 ENEV. NFl1 OZWNCAEH & oy

WD Y. @ 1~2 HETHRICHIRT 2 O TIRRITNLE L L,

b) 7 v— RS

B OB 13RO TIRW DS, —ROFEAER LR L TORRERELNm L, RArr e

I ENZ N, HBHEEIERETT S W

c) Al FkEE

WERRZLEE L, FEEEARIFE L [FRIC NP1 O/NRIZEPF S Z &R

%<, BEICEREOWELHD ™ .

2. MHRROIFE

1) Ml
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B IRV, MRRBIEAZ ST 5 2 &0 H 0, KEITHBLFAVIC B O BRI

PEEAMIOAE (WHO grade 1) T&H D V. HARRCRAZXERIZHAET D Z EnEL, H1h

EENZ DD, L RIS A D & FRfc A 7R 8008, WA, RELZR & i

FRRAER N BT 5. 26 DIERDZ S, MRI Bz U TR AR R RS

ME~EITT 5. MRI TROBBIZE L, BGORENRH LA ThHIE, AR TE SR

DL, SEITE U TEFRIES S IRIEZ E 8T 5.

2) RbtEiE, FrBERE OB ME

A, LR EOMRIERSHI L2561, IR R ME, BRI EME

KT EAT O . WEAREIRAZ BET 50, RUIBRGEE L WISEINRICREESY

B SEanh D ™.

3) Unidentified bright object (UBO)

NEL O/INRIZANO MRLBAE AT 5 & 0L U/, B, BRI 7e 21 12 5

Hf TEESHAERRD B, UB0 LIRS . AIEDHRIZ DV TIIWEEARH T

BN, MIEZOFARM & 725 Z L1372 <, Mlme & BITRA RN R DT

D, TREOME T/

3. BRE

1) FHEZTE
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FHEDOZIZIL 10 ARG AR E D Z ERZ VD, 16 &l S TEENR A bRIT I

IXFDO%F T H T 2 ATREMEITAR VY O I I, %, BrE S D, S

HUNE, A L %A OSPEIZ V. Dystrophic type X2/ h—T7 2R L, AR

ITTHZ ENEWN @ BRIFICEADEDESITEVRD HHEECBREOLEE TR

FOEFDOE S DENRESNIVUTHLEIZS LT X BIRZEOREBEZITV, BEAER

BHEENT 5. BENRE LS RDOENIGREIT) ZENEETH L.

2) WMEHDOLEY CeRMEIEHE 2BEFIE)

BEITEROAALEBIC TRRICA SN Z ENEL, FOIEHEL, BRICEDESIC

BT L CREE 2T 2720, RHENCEAEEME~HEIT 217 9. FFRESHIc-S

WL b AR 25 B A T3R50, BEESIIRFENERE CITERG 2 HfF T

R, ARHOIEIEAET S 0. BUE, ISR X BB O MR CH & %

BIFET DA VHFr 7k DIC K BElEaERm EL, UEiREITS 2Ltz Al

AN

3) HAEE, AmEOE XA

INADF RBIZZAPND Z ENDRL, MESNDZLLHL0, RKHEOHLD

TIXREBE, MEZEZ T LRnH D0, WMIRRAREME~ENT 5. IRk

DITEE RIBIZ NN DB B0, RAICKENERT S & & B, IRE LRI

W L DB TS S, JEIRE L THEIEDIRERZEH A A S 5728, 1IN
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BAMEHECIREKEH EE (T N2, IWRICITFNALET, BFRE, Mi>ZH
ZE, NLEPHWLNLDY, BERFIEIRPICITRRESATLED ZE&h8%0. IR

ENIZOVE AR Z & 0F L T D LRI FIRITIREECH 5 .

4. HRZE
1) K /hikET (Lisch nodule)

PNEFEE X722 LHIEEA LR, BEHHERITIREIVN 9, @EIRRE LE
LT DT LT,

2) tARRBIE (optic glioma)

AFRITBNTIZ OGS OHEEIME S, EER TRIET 2 2 EHRRELME SN
TWa ™ oL, EMMICITEENETTT 52 &b %<, HAEER EORERH
B L7 a 3 NER M E, IRBIEEME, MAARSVE R E S AHR L, 16R T8 %
WET D VP RROE I, AeAlE L E LiEERETH DY, RN
IR DWW TR/ = B F 2 ARy 0 IR SEARRRIZ IR R L CREIZ
L TCWAHEHEITIE, M OEITIC K 2 xHAUKE ) (B fEE 2 TR 5 7o DIC e & 3k
WZEE AT 5. £, JRERMIDLE RGO K& KEEZ 11 2 561
%, RAEELZEZ SRV E S IO AT 5. B RIREIL IR MR O U

A7 Tem@md BT, FR/NEENZITHERE S .
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5. ZDOMDIRE
1) #B@fMifE (pheochromocytoma)

EPHIMBD THTH D, —MROFAEFL IR L CTOLREHEN TN 2D 0, &
R BB RS 23 70 & T35 B IR R AR P IS HE A L, SRR EIBR & B 84
5.

2) HALEWERES (GIST)

THALEBE SR AT D MERESE T ckit B TFEW KIT 2@%8T 5. A0
5-25% LA SN THY P, TR 2 & ORI B L2GE11E, Mk R
HMEICHEI L, ARYIREBET 5. #7725 L IGAESCHILE R Z T2
ENHY, HENKLETHD. NFLIZAPFLE GIST TIEFr Y X —BHER (o
~F=7) FXEHTHD.

3) BRmMEFERE (FEEE) /EERMEZEE/BAARS N T LIE

% < ONF1 EBEOFRRITER Th 523, KI8HITRAMERED 1 DLl L T
ELL Lo EEZRT L L 0bh T . EEoFREE RFMEFEEE) 1 20% T,
B RS EIEIL 40-50%, HEAANY T AEIL 20-30% 124 B s 52 % NP1 A
T, D & bR &b anc IEREE, RAERIC OV TOFMEEZITY, HE

BREEZITOND LT RETHS.
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4) BUF - REUE/ T Ah A

NF1 BE TITEER O 2132 <, 2 THIRERIT 10 Ll EoBE O 50T < TR

DEILE B T AT NFL BED 6-14% 12805 L Wbt T g 8 %9 3¢k

DREEDN D S EITEME~E T 5.

5) bRHRIR

NF1 THEHBHICHRLRBWOAHERROND (K1%) . —i@tto M B IER & A0

DBEEDND A, MR R ME A~ 5.

Bt

NF1 13 E GO R DOBMAMIEEA TH Y, BHERITIZIE 1009 TH D DO TRANNASE

IZFREER L TV AT FHNOEE T ARERITFE I 50% & 72 5.

HTHoTHIERERIZEIY NFIL #24EU0HLEZLNTNA.

ITBEEZFEREIC LD FERIOBRE AT Y VTN EE L.

2L, e bick

AR FRZW 21T 2 BRIC

ZiEL, BUEZEHER

T NF1 OBLFREEZIT> TWDliaxiE7ev. HARTZENIENMIZIE e Th 50

W, Ex OBFEORIEEICKE REO D HEBICHAEMBEI 21T 5 2 LITHT 24ha

MRIERFONTE LT, RICKHENREL TV & LTHMEAMRBLENL AT

RO RIEZ BT 5 Z EIXEHE LWV O T, AFIZB W TIBIE Tt TR0,
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NFLIFRRES 23 50272 - TIEW D28, BUED & Z ARIGHIREIEIL /.
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UIRDN G, TBIRIC & T2 B REN B EIN A DAFAED W N BB R0 T D FIRITHERRY

Wahbz, HEAEFEZL TS ETRERBEELRoTVL0EWN) T L& 1471
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L, fHxORBREORHLEIT U@ ReEET> TUT L. Alal, &€ L7z NP1
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WE (9 B MPNST 1 7 ) 1ot D4 ~F =712 X D EHEABR (phase 2) DOFEFIV#R

N Y, WESETIEERZES (CR) 1 #l. #457%%) (PR) 31 THY, MPNST T

107



X7 I L BN EIRRE (SD) T, HDLRRITRED o7,

o #K| L LT B-raf, c—kit, vascular endothelial growth factor (VEGF) Z%&

R, platelet—derived growth factor (PDGF) ZRAEDF 1 ok —EiHEEDOREE

HEHETDHY T 7 2=T I L DR BITHOIL TV DN, MPNST IZXT 280 570 72%h

FIFFRD HI TN RN P,

SCHR

96) Farid M, Demicco EG, Garcia R, et al: Malignant peripheral nerve sheath tumors,

Oncologist, 2014; 19: 193-201.

97) Zehou 0, Fabre E, Zelek L, et al: Chemotherapy for the treatment of malignant

peripheral nerve sheath tumors in neurofibromatosis 1: a 10-year institutional

review, Orphanet J Rare Dis, 2013; 8: 127.

98) Chugh R, Wathen JK, Maki RG, et al: Phase IT multicenter trial in 10 histologic

subtypes of sarcoma using a Bayesian hierarchical statistical model, J Cl/in Oncol,

2009; 27: 3148-3153. (=BT A L~L I11)

99) Maki RG, D’ Adamo DR, Keohan ML, et al: Phase II study of sorafenib in patients

with metastatic or recurrent sarcomas, J Clin Oncol, 2009; 27: 3133-3140. (=

BT A L~UL III)

108
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A~ F=T1IER»?

HEXERE . C2

HEIRST © NFLICADF LT GIST A ~F =7 ORI STV,

R TuL X —BHEETHLIA T =7 ITURARED L TERIEE L X 72
L7z GIST OIEHEVRIE & L C—MAI W STV D 1 GIST O 75%Z K17, %9 10%
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B0 NFLICEPE L2 GIST TIXZ D DBIR TICERIZA ONT Y, A ~F =T D

IRITREH ST n 2,
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(R1) RRMEERE 1 RBEICHOND ERERDIE X EOEHRLUREH (K
#%)

i 5% AR KIFE A ln
N7z A VEE 95% HiZE B
B JF OO R AR AR A e 95% A
PR O AR AR A 20% E5 ¢l
OV AMERRRE AR AE N 10% e
M IR R A AR S e 2% 30 IR A (10-20% % B A= 6H)
FEONBEAR AR BT 95% 5 R4
AP B i 7-8% NGE
LN 80% NGE
FHEOZ 10% e
WU DL - B 3% FLIEH
HEE - HEE OB RE 5% H A g
FRYFEE (1Q<70) 6-13% 5V
FR Ry P i 20% - 4]
TR K AN 2 BhE 40-50% 5h e
HEAAXY k7 LJE 20-30% B i
LB 25% FE M
ThDh 6-14% NN
i 1. 7 e 4% ANGE
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A AR ERFES
[FRRARHMEIEE 1 B (Lo 2 U U AT ELIR) OBRANE 2017])
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N7 = A VBE, MR 2 B U, B, fhER, IR, B SIS HERA N F OL
fb& & bITHB L, ZRREREZ 2T 5EFMERBHETH Y, HREKRENEDOBLIER A
Tho.

(BWrEHE)

1) BEFHZHERE

NFIBIs T OIFIA & 72 58 BN FIE S AL, FEEE 180 245, 2721, 20
HE FFIZI AU AZR) 1TV OIEMB OB REZ2EI2T 5.

A TITONTZ R — 7 o —Z2 O ZERORIERIT 90%LL E & #@E STV DA,
BAR A CARNFE 72 < & bARBHEIE 1 A2 SET 201 Tk, 202
WriZBRIREIZ I EEE WD Z LI b EE RIEFS RNV LITHET .

(2017 4F 2 H BUEIRBRIEIS S

2) EREREIZMIEEYE

1. 6fHLAEDOH 7 = « A - LBE*L

2. 2 {HEL EORRRRHENE (B2 O AR SRHEMR ORI O FIRARKENR 72 &) F 7o 1T OV E Atips
TR MRAENE *2

. WS D D WVIT R O INBEAR B (freckling)

. BlAREBE  (optic glioma)

. 2{ELL E o/ NS (Lisch nodule)

. R EIREOFE (B - WESOZET, WE 0L, HEE - B O  KE)
. FZRWIZFE

N O o bk W

7TIHA T 2 HA L TR RRHERIE 15 &2l 5,

<ZEDOMDSHEH >
1. KRB OB

2. HEMEEGE

3. HEMEE AN 2
4. ZifREEE
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5. M HERE

6 . Unidentified bright object (UBO)

7. MWLEEEES (Gastrointestinal stromal tumor, GIST)

8. e h i e i

9. MNP S

10. BREEFEE (FEHES) - EEROZEE - AR 7 LE

BWrDRA 2 R)

L AIHAEBN S A LNDRETEY ERNVORWKETHY, GITENI Ly a—k—
ENHENEEICED F THEA TABRNICEOERIZA LRV, BEKE ST 1~5
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(#3) EEE/DE (DNBSE)

Stage1: D1 TH->TNO»N>BO THHHD

Stage 2 : D1 XiZ D2 ThH->TN2 LI B2 &£ H D
Stage 3 : D3 TH->TNO 2> B0 THLHHD

Stage 4 : D3 T > T N1 X Bl oWFhnzaieb D
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R (D)

D1 : tHRE & D EOMRARHENE N TFET D
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(F4)  FRREHENELE 1 T ORI

<Rasopathies>

Legius JEfERE

Noonan JE R

Noonan syndrome with multiple lentigines (LEOPARD JE{##f)
Cardio-Facio-Cutaneous JEERE

Costello JEfE#E mE

< Z D>
PR BRAE NEE 2 Y
McCune-Albright JEERE

Proteus JEERE
Al
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HA RTA AMERDOER

Tuberous sclerosis complex GREHIPEMEIIAE) IZ. 1835 £F {2 PFO Rayer {2 J 2 B D LA Hfk
JE (Facial angiofibroma) DFAM'. DUNT, 1862 4E0 von Recklinghausen, # M4 1880 4D
Bourneville |2 &5 TAMNAZFED FIFREERE O 3HRHI. *Pringle |2 X 2 DY KIED R RAE *
OWEIFT L ED, HL<HOIMONTREBT, TOBEMIZE L TH, 1935 423 TIZ Gunther
& Penrose |2 & 0 WY AREIEE R L @G STV, AEIZZO XY CE bbbk
BTEH LN, ZD% 50 FLL EIThTz o T EHESRGRO Hiv/e o7z, 1993 412 European
Chromosome 16 Tuberous Sclerosis Consortium (2K - T 16 FDYefafk b\ REEIPERALIE D&
{GFD—> TSC23EIEF 075, 1997 4F |2 van Slegtenhorst 525 - T 9 FDYetfk 2 75C1

BT TR H VDN TRE S, BT 2000 4FRIZ A>T 7ISCL TSC2 D &AL FEY) Hamartin,
Tuberin 7% PI3K-Akt-mTOR (mammalian target of rapamycin) ®RICBIH925 S22 L3,
AIEDFFADTRIRANCHE AT, ATEN LD E OIBFAIEZ R L U, KRFIZIIT 20 2 OREBELSMT
i, il . B B R EDIRITRY ORISR IERDBBO b D, Lt ERIISTLD
AFENCRF R TII AL ERPBEICIES 28 H 5, AT, MBI T, TADARIEK
OEHE O MAEMMEIEEZ = F e LTER LT L ZNb0HEITE < < T LAKIIT T,
TAMARREBRZ DR VEF ORI IND 7 —AREML TETNWD, ZIsDEE D
F T AT 2001, 2002 AR IR B EREMERER TR BE (BB FHAAF BB &, BEAMER
BITIRBFIE L) 2 O REEITERE(LIE &2 2 o REBEE OTRIRfESE, A K F A L3 1 2008 4R I2
8B FEIEERERFFEBE & . B AR BB 720 b RS EIPERE(LIE O W R HERS T ONRR T A KT A ]
PR S L7z B, WP ORI HE S 1998 4ED %5 1 18] TSC Clinical Consensus Conference T
A STz WD D Roach (ETE Gometz) DZWIEME ©4 ¢ LIZ LI EAEL LOH A KF
A v Tholz, TOBREBOMIN LN 2012 425 2 [5]0D TSC Clinical Consensus Conference
MBS, 1 RITHMESNIEBBTEEOWGET N B T iebiv (Fr#2hrZs) (£1) Tl
WUTRWIRIETA T4 (FHUT FZ772) T RHE Sz, ZhbicfEvy, AcE
J 5 TREEMERECIE D2 KT EERS LONER T A RT A4 ) bBGEINBE L /2572, B2 mTORCI
FREAIOBIGI - TIRIETA RTA L OBEBWERI L, BT A RT A4 CORIENRSHE & 72 -
T&E o, WIRERES/NEAREEL AR, FFERNER £ T, 22N D53 B2 [R5 72 mTORCL
PREHDIBREIT A RIA U BHESNODOH D, LA LARN L, fEEifEMLERK L L TORE
HI72 A BT A TN ETEITHFE L 720, XA O 2 [3]0d TSC Clinical Consensus Conference
THRS N TV DHHIT A R 74 020, AHOBRICHEE L2 nWb Db dH D, £ 2T, AFIZ
BT DEE UNEARRE, WIRER. PSR, BOEFRN, JEHE OEMZENG 25, REEIPEELIED
PWEERS LRI A R A VWGETREBRERE L, FH 1 P71 25T, /% B
DIRFEIRSTON A R T A OB FEALFIAATE RIS 1T 2 AEEIHEREAVIE O BT 22 e 7 A
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R4 O ER Tz, ZO LT, MERZ7 V=V AF a2 L LThHIF, National
Compressiove Cancer Network (NCCN)Clinical Guidelines |Z#: LU T, evidence {232\ 7=5H3C
#BEL L TmaBEll L,

EFE - B

FEEIVERE(LIE 1 X 2 ORRAIE & R & T D BB O 2 WRE T, RRERE L LT, 9&D
Yeta R BIZ 7SCI OBIRT7H, 16 FOYlR BIZ TSC2 R TS BRE SN CWb, TSCI, TSC2
5T HEY) Td 5 Hamartin-Tuberin #4123 mTOR #ii] 2 L C, MIAEEFHIZEI S L TR0, £
DR ISC1 BALF & TSC2BARTF DRFIT & b 72> T LFDOH72 5 It R Bl P,
i, WLE . 78 SIRIE RS IERRIESC L BE, RS RO TEN R e E OER A BT 5 Y,
AFEDIERIITIE N S EIE L TR E 2N H Y . FrRIEB IR, 7501 BI5T & 1SC2 B i5F134:<
Rip ol BB T CTHLN, BUED E Z A, BRRIIZ TSCL, TSC2 Z XBIF 5 Z LI T 7ev 075,

2

TSC DWFFMZIT 2 BT 6,000 N2 1 AN TH D 205, KFIZIHIT D TSC OIEMERMEL I
BE LV OEFREORERENEN D RHATH 5, L LR b, BHEEIC AFEESIENFS,
IR OFHE TIRABROBE S RE SN TS Z L L0 AN ThIa—u v 37 2 Y
NERE L IZIZFEEROBE L HETE, A 2ETBRZ 1 5 TAOBRERND LHEESL
TW5,
it E R LI VL G AR E B AR YE DO BRI T D23, 60%IE < BWIVEEITH D . FIREIHH &
INRIEBNTEE LT TH %,

AJEDFER & UTIE, BARSEEIAE ., UG PRI . RO TR 2D @ 2]
HEENTWD ®, L LAan bAREEOERIIFRIZE > TRZY | 105 UL ETIEBRANE
IRBER Tdo 2 DITxE Ly 10 Al Tl DM RO RE (OIEO S IE (Cardiac rhabdomyoma
ST EDLARE) BERIFERICR->TWVD, £, 10 ROFRFER E LT, IR
(Subependymal Giant Cell Astrocytoma, SEGA) MFHEMITH 2D, & HIZ, 40 kLl EOFERT
TR PRI B WO TRRZS & A THD LA SIS 5, £z, TALADRBEET S
FERIT 40 AR AAE E A ETH D, o

Bin T2
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MBZWRE OO S ARt & 5, 7272 L, AR LE B O 10-26% CTIXBsFmaa1Tr-> T
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REH D BE VT UBRRIEN > THRIER TH 228, Do BFITVERE R L. HrAaRE,
LRI RIT DR L7220 5 5 %, 25, EFITEE & & b2, fMi/MHEL T,

OB IR TGN MBI U HAERIC S o & b REL D, 6o T, AR SRR A COM
RORIES 5 R S 72356 FRC SRV DU GED BTG 1E, TSCICREL TV DY
27 HAEBMERPHET 2 ) 27 BNE0Wan, BB L= 2 —%21T5, £z, KB5S
XIERERR Tdo 2 23, AN LZENICZEH L TR DAL a PAZET 2556 . LN ORI O
I 2 BT 2 56 SRS R &2 EET 25510 DIIER. 5 - it oA~ 4, AR,
Wolff-Parkinson-White JEBAE/L & OER A L, BERGEIIT. FIROKMR L2566 50
2%, DEUIED 7 u—& LT, LLFOHEE Z1ET D,

o R FFZ3MAMOBIRICITLT a— L LEMOBREZITY, FHIC 12 FHEOLE
M HERR S D,

o NROEEGMBEFEOLAIT, R L & b, BRI MR L T 720, DR
AEDIRFEDIFEO DD E T, 1 (~3) £ LI 32— DR A 21TV OIS O/
74 —FT D5 ENREELL,

o JERDHD/PRBFITK L L, KV EHEEIC, H2DWITX Y mERZWELM 22
LRDAREMN & D,

o MR, OEMHIR TRV ey 7 B Y XA Y DN OEGIC X H{8E
FROEEDZITE Z o7 L B 2 NEIRZZED HL2 BT LT, mEEIC,
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T DEROMAEIILHATH S,

1. EEHE

B FEREIR LG FPEREALAE O BB R AEIR D —> T, 96% M & 2D R FEAEIR 3R Stz & D#
HHHY, o, BHIIBW T L7120, BENCATH 5, FBZBiEEEICI O T BEFAER

(2B L CIXLART O W EEYE & ARARHY 208 T < L BRRE S OBENMb o720 | RELB 2D
STEbDORFEANETHD ?, FEEIRD 9 b BABHIAE TR & W IR AR RN BT 528,
Z OMOTERITEFRIILAFIEINC /2D Z ENRZ, T T, FlI K- TITRHEMEELETH
S THERREZEBRO NN L 2HM-> T BERD D, 12, MBICL> THIELLR
TWERAH 0 | HBRFIAZEICEE CTH L Z LB TBILERH D, FIAIXFRIT L5 7%
BAEMED LR M/ N ABE T - T o AW/ B L TV 72D Th T RS EivEELIE 2 &
ZHM, A0 50 a2 T ETCHE LD THIUIZBANEARZE X5, £ AR R 72 295
3 < BHEMIZIIA RS, ERACOROONDBONRIFTLEAETHD, FIZIX1HEN2
1E D A BEIIAE O F LTI 18%-25%Z58 8 LA D2 BN IEF OFTH 1. 6%4. ThiZITZRD b D,
> T HRBEBREFIC NS DERELZ THBEIEZ T = v 7 LT 2 LITIEMRZENICE
BChDH, Wi, F1ET+r— L, BENEBECHERE?E CcsE, B kb s
BIRBEDOAR L2 D,

A JEIR

1. A% (hypomelanotic macule) %A FIEA D AGEAFELINICHBL L, £ O%EAHFRH

FFEAEBNEZRBDRVR, PEBITIRAICEN 2o T 52 03D D, R Q5
(REERBLEARE) C©, AORAVE FTIEHYBIZ W, D X 5 723551% woodlight W5
SHE LTV, FHIREEA LRVERZ N,

2. BAEOQMEBRHMEE (Facial Angiofibroma) — HHiH O M BRMEMIL 5 sk LA L DAL HIMERE(L,
SEFRE D 80%LA EIZRRYD HAL, FBE L WA TAREICAF R ERDO—2>TH D, FL VLI
(Z1% vascular spider BRODIFZE & L TRR®D H AL, 3 ~ 4 KEHIT /2 > THAEBHENE S LV IRIR A 58
Y5, ZO%RBEMEL Y RBNERIC/R>TL DL EHIEBIMNT 5, L LansEE
WIZ7 o T D EMEOHEITE N2 2> T 52 b H 5, AW A B MERE X2 Wr
FIMEDS B3 EEI 2 3 & T b RIE L 7 I RRHENE 2 - 72 55 5 13t D IR B & 5 5 WD B
%o BIZIEMENL (multiple endcline neoplassia type 1) BNZDOE-DTH D, MEN 1 O iR
MERE (L, BARUEY 72 TSC O ML BRMEREICICH AR CTRBNREFER T <. BRIBICEE 2 FTD 220,
F 72, BHD(Birt-Hogg—Dube syndrome) b #5534 EF 2K HAD 1 D Th D, BID DEFIZHED L
BDEORBIE, MEFEAIZII AR, fibrofoliculoma, & L < I& trichodischomas T2 2%, W
I ERRHEIE AL T D HER B D,

3. BIEHERE., %7 U3y F (Shagreen Patches) 5ibl FOBRE D 25%2, 5 LA
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EoBETIX S0%DHE TR b5, WEITEEMLBEICHBIT 5, &, FRCEIE. 5
UMIIEEBIC IR IF 58S 2 RIS A AR D R— LB/ NEIGER L 5T 2 F 08 o 5, #AEY 7
Tx T Ny FERMAERDIRWGEIIEIFEEED 2T — 5 ) —~ =0 eruptive collagenoma, MEN1
RELOEHNLEL D, BIRD 2T —4 ) —~ (sclerotic Fibroma) %78 % HEIZ1E Cowden
i & DEER G ME L 72D,

4. JNBR#EIE (ungual fibromas, Koenen tumor) ERVMEDKEZE T, @HEEWLIKICHIER
T5ZLDBEL . RAITHRT D, 30 LA EOREEIPERILIE D 3 D 88hIZFBD b D L DHE
bd D, M, INF, INEICHB L, JIIINEE L ToARBOLNLF L H D, NFTHIM L
TS B IIMOAEE R E L TROBID,

5. BT AVEOLRME/IES X OO ENBRENE 11N ORI TR SRRV B2
Ko T D, AMEEIRLS EHAERMICRO N2 FITENTH D, WHROERIZZ == b
AR EDTFITANPAVEDRIEHE LTROOND %, EENKLETHD, TOM, NEr-~
RRL DO, FENE, SFIER E & OEMNPNLETH D, o T, EBRMED NPERKD 50
IR AERICE DREDSKLETH D, HAO LS, IERIZ, MENL, BHD, Cowden syndrome 72 &%
DO OMWBFEIEERE TS LIXLRBD BN D AT, oD TSC DIEROFEITIEET DHLERH D,
B = F A VE D L3/ ME (dental enamel pit) IFFROIZ WIHEITRAZIT O L D020 W,
3-6 7 AT 1 EIIIC AN OB AEZIT ) ONEE LW, FHE 1T BOOLNDLGEITN ) T
R A AT o T AR BIERROREIE A21T 5,

6. ZFOMDEEHRE  Foliiiculocystic/collagen hamartomas |3 K72 FAL72MER T,
TSCIZHRF R TH Y | FERRICITZWIEMEICHA AN B 5 ATRENEDS & %, Maxillofacial
intraosseous fibroblastic lesions, JA® red coments DL BEERFTR TH D, TSC DAE

TIE LI LIS OIS B OBBRMERE (skintag) B OZENRD D, /-, 1. 2O
Zx2AVHESL LIXLIERD LN D, LLARRS, WTFNLbEFATHEHEICRD B LA
T, BIRFATIX TSCIZHREB R S D L ITFE O G T Ruy,

B. &RIZ

B D253 5 BB RIRD b AEAIT. Cowden JEMERE (trichilemmomas), Brook-Spieger JEf5E

# (trichoepithelioma), BHD (fibrofoliiiculoma/trichodiscoma) & D#ERIC— M%) 7T IE

PR, ZFMED discoid hamartoma 7¢ & & OEERINMLENT /2 5, fiE> T TSC DERIKAIZ BB

JEIRENZ 32 TV DT AL ERBNET2 D, RATH-THFHETH - THRBIZEEL T
NETIRBGREDBMAENHER S D,

C. BRE - 1%
TN L DB MERMEEOHEEO PR N R I TEY 78 BTSRRI L 2 EL
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ZFRT VO T, AEARICBO T2 003 5, AJED JFRR A IZR2ITH R, #mos i
20, MR ADIRK & 72 27210 TlEe | HBEFORE L RD2ERH LD, BE T LI
DM FEBBIERZAT > CHEIIE U CGRYRIERETT ) FRLETH D,

ORENO 7 TITFIC NS e FRUCEE TH D, TEIUE, AR HAEDAIIC, D & b PIRhE
WZIE, OPEROREZIT O FREE L, AENOTERZ R OFEVRRE e oS5 E12133 » H
TLDF 2y I BRMETHD, iz, HEOFEEO K2 FIICHERR T 572012 6 ~ 7T tHE
TIE—EIXHE O T~ E it T & Th 5,

FEERMERELIE O £ R ZE DO BURE 2 TRED BTV B IR IRIIARHINIARE TH 5 », ABHITE
WITIBR ORI IR &N BT O M8 BRAENE 72 & ORISR 21T, iR
Jif A HEREREE & D WIXERIICRIEIC 2 25 8RR OXI R L 72 5, SABHNIRRITAD CTh
D03, IRIREIT > CTHERBITRT SNV L, FEENKDL ARG H 5, W@H ., RAEPRED
230 DA TR O I BRHENE 2 AT D B ERT O V1T AR B 2 8 D H T OREE R Tk
F R/ IEAE 238 Z 12 < W, Pulsed-dye-laser & VN5 *, JBFRMIFE YD K & 72 18 BRiE
JEICH LTI, CO2 L—H—Z2 AW L= =T 7 L—Va U279 %, @HEEEN LD
D, JERIZE DO TH 2 OIRFEZMHAGDED Z £ 3% 0, Pulsed-dye-laser (T
5-amino-levlic acid blue light photodynamic therapy ®PFHOHE S H 5 2, BIEM ZH D
THAY T, abrative fractional resurfacing, fi&F L —¥ —, B ARA » h® electrosurgely
OO b AR T D, ZOM., FFEHEIR, CIERIT, BIRMEEZ & biTbhd, WAENEE T,
ZDFRGHDHVIET R Y OFERO R 2 £ 256 13V FIRR IS, T 5m-CRiEE,
FHERICERD B D RGN EI T, RERREEZ 2T 5. VWD Fibrous forehead and
scalp plaques/Forehead and scalp plaques 1%, fE&#kk 3% <, PG RISEIG TH 5,
72U, 77 L= a ORI RS R L TR LR AR AT R & e D, I L TTT 2 D40
BRI LM BREEE T D T %

LR (F8vAy) Rmn Y LA E O nTORCL FLEFH 0D PR ASAE D 1R K &
L TR ATREIZ 72 o T TSC DR IEIT R E K BTz, A TIT 2012 FFIZm N U A ADK
ANOEOMAEFHIRAIEIZ S LT, 72, BN &E/NROAEFIRA T & 7o BT E A M 20
JEIZ%E LT 2014 AFICiE T m U A RN LAMAZR L CRR E N7z, B & D2 Zh o
DI=DIZNIRAS LT BEZ & o TINIRIC L Y BERZA b RIFFCI S5, FEBRIC, 5T%OH
I O M A BRMERE, 18%D FABE, % L C 29% D MNPAMMEIE & > v 77V Xy FRBR LTz & ijiE S
TV % P, Bllod TSC OB D IEFHARMIEDIGR I~ 1 U A X & FWTZRRBRTH 77 'R
T N—T TIIE RIS BB FRD DR o e BNEIK T )L— T TIL 2602 R
Ll * EDW|ENDH Y . nTORCI FREH DO EH G IIRFHEIC AN TH L Z LRI T
W5, LrL7273 5 mTORCL OFEFANL, EAPIEIC KV REOBRNB Z 2F N MO TEY
B ZNITEEOREICB W THRBETH D, Led> T, MADOBREHERT 21213, B
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DEENPLEL I >TL D, LNLRRG, BiRA T, BHMOBWERICET 27 — 2 131
T, BRI 5T X 2 MRS O3 A BE OO FTREMESC, MittEo BLOA H7e & 4 % O RE
Th D", BIR A E TOMMIMB OME TIL, 206 EOBFETHRNE, =% L HEE. SRGuE.
B A%, BB (=0 [ M BRI AR R BRI R ILE, & = L AT m— VIIE 7 LAY,
ZME IR B T HRRANEAS, REC BV R O B 722 & 20 o IERA#RE Sh T s,
mTORCI BLEAI DO EGFEIL, BFHRZITKT 2IHHIE L L TIRED TRV B
EDOMIFEDIRFILL LTHER SN, ZOHAITREICHT 2R b/ TEXD208, AU v b &
FTA) Y b2 L BXDZENLETHDH, £72 nTORCI FHEFNIREEFEAIT, St Al
EIRMOEBIE A2 35 Z 3720, ABFiTE OPFHICITEEZZ3 25 Y, DLEX W BIRERTIE, 77—
ANA = AT ZEEOIRREIZIG C T, AMEHRIESS mTORCL FLEAI D25 572 & OinkikE 4
BATWIRERND D,

B 25 @ mTORCY FLEAI D2 H #5126 2 BIEH 284 2 BT, Z2< oWf%EEIC &
ST, v Y AZADHHIEDOMERAPBRE 7z 08, 2 < OEFIRE . /IR BB OR
Rins . ZABAHEIL, Blir O MAE RO RS 2 IR S, g4 T L, RFHCERITIH
B R, FRRICAEDITHLZ R RENT, 5D LT A, KBS r Y AZDHHIEK
TS, ARFRITITIE 2015 4E 3 AT T LR EEIRBROFE R M 233w L < BiER
AT LY . AAHFED 3R &L RIS THhNTRY ., TELBY THNIX 201846
ABEIZITHRESND TETH D,

108 F A= MU EDOKRERY ¥ 7V Xy FIRUIBROALE S % < | WE NI/ TH
FHATEIBR OIS & 72 %

JERHERE 13, 5 i MR8 BE R T C L B AR T ISP 2 R TG 13 RHEIROXI R & 72 5,
HL, BBRLTHT<HRELTL 2,

B 0> = F AV O RANI R L CTRITR LT D i & FERIC TR 2 . AIEPIRRAEIE % LT
O PENOIEE & ARHEIBRDS LT & 72 5, BURERTIE mTORCL ANl Al O£ 5-23 O ENIRZS IS A %)
NE DTS TRV, TR ORMELCIEER A 11X, AARBIEIBRALETH D,

k=]

. FAFERAE L

FEARAR 7 B R TR B PERELIE O B & B REIR D —DTH Y | O TUEL, TANAFIESL
HRREE L8 MO ) b O TIEIRTH o7z, 2012 450 Consensus Conference Tl 1. EES
FEREE D X 5 e OREEICBET 5 b D, 2. TAd A, 3. TAND (TSC-associated
neuropsychiatric disorders, TSC (Z @A IZF8 D H L H WA /T8I, B FE/ B B, 5
BEE, T OMOREHMRIER 25 L 7)) &v ) 3 SoiEiciE# s v,
A JEIR

1. REWREHE (Cortical dysplasia) [IFAEICKIT DIFMIEOBE BT ORERA LY
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DThD, RERE (cortical tuber) 1FRIMBEIZAEUTHETH Y . TSC BFH D 90%iT < 12
RO HND, KIKAEBEHREERMIRBERR (cerebral white matter radial migration lines)
FRIMEBEIZAECTRE TH D, FERER ITEATE TANACHERE MRS 5, ER
& (Subependymal nodule, SEN) [HMAIM=ERCE 3 MaEEEIC I A TR A D/NERFERITH Y |
TSC [ D 80%IZF8H B LD, LIE LIZHAR:, RRZEHICRO b5, —J,. ERTEM
Rark EHAMAE (subependymal giant cell astrocytoma, SEGA) 1% TSC H# D 5-16%2FH b
2 NEE T SIAAIITAEDS Lem LA ECHERMEM A S 5 b D% &7, BREA T SEN 2 B34 T 5
EEZOLNTND, e —fLOMTICROBILD Z L BNE L ARENME OIS Th 5 2R~ (1T
HWRL, R&E< bt rn—fAHEL OKBEDKRREIZ/A Y | ¥\, lEH:, ILIEZMER &0
HENETTHEERZ 275, @EIX, SR ERERICEAL, 20 F 23 THARTL2L
IHTH 5,

B. ®E

® TSC DEEVD I D A, Rk o> SEN, SEGA, FE TR E 72 & OFHEE TIN5 72D,
R BB R WD T MRI OMEZIT O ZENEE LV, MRI OBRANTERVE
FIZIE, BEIIE LN CT R ETOREEZEB LTI,

o LR TEMaMEMICE (SEGA) DFHIEIE L FHN RO T HITiE, 267 E T
b MRI MR & 1~3 4R Z & 1TAT 9 T EMEFE LV,

®  SEGA DEEDLNLGE. ETITMEILRZZBD 555101, RN 2 < TH L0 @
FE (7L 2126 » HIZ1EDOHIE) ICMRIREZITH, RAR L BEBRREZITV, H
ROIQNZ L BT HDMENDH D,

®  30kATEEETHHREMA LI, REBERNLETHD,

C. I

FERAN 2V S, HEK 92 SEGA 125k LTl SMBHABIER % 72 13 mTOR FREIRIT & 2 FMinit/s
ExBET D, Bl R IBWIELRINT 5410, KIGRKIEOAERESR, BH. BRI, TSCIiz &
b 72 O M OFEIR 2 MRE & odHE U 72203 B IERE IR L, SR O ERIB W, IRET HRE T
H5,

SV HETT T D EIR 2 A % SEGA (2K L Cid, SAVBHIBIBR S EE & 70 %, BIEWNIE STHERER D
BRI, MEBIRERINT (U ry b)) RELBET D,

® B FINABIRE S TIX, TSCIZAPE L 72 SEGA DBt LT, F—IZEEESND,
JERE 2 L THLFINELT O & A RRESCRIBEREE R EOARIHEN TRT WV, 20
7T —fMITICAET, ££0.5emBLET, R =0 ATHBRI L, BMHE
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[23 & 586, WMEOHRPFED bNDLEITERN 2R TH TE 7210 7RI
ABRHIBIRZIT O ONLEE LN E DR S 5,
VIR N TELGAIETHREAMBO TRV, —H T LGS I EROHE
DR, FATIIRRERE & e ligk TIThbh b Z EmEE LU,
SEGA 2MERZ 2 556, IHIIIMTHRFESLTANPADIETHY | HITL T
MOHBNETLEER N BT 25680320 T, EEAET D
® I~ A TZIZRDIREIE. SIROL DL L TV RO THEEHERER L LTo
HETRIZ T X720,
® RIS BRNIIESR O K OEIED D WITHE N TH 0 | SeIBIFEE LV, SRAI IR
PRI Z D AlRetED =,
BET 1 Y LA TSCIZADE L 72 SEGA DIRIFEIH & L TAR I TV 5,
TSCIZAPF L7z SEGA DEFE T, {BHRDOLEN & 5 DRI LIFRA R #7283 &
T TR H BRI & FIPRIE N AR Ch 5 BE TR L TIT
TR BIEAIPIET Z 0 SEGA DRE/ND I T2 53, TAMARCITEI R F I IR R 2 5T 2 vlhE
PEDMERT SN TV DA, BIRFR T I D DORERITHR T 2 I0HEEA & L TIIAR STV,
JEAR D720y SEGA O 7 4 v —DHEE, B3 LT WIES O RFEC~ — 7 — O/, 1RERLAD
FH1. mTORCL PHLFEA & FAHT O T OO AR IR L Tld, % OBFNLETH D,

2. TADAITTSC BHED 84%IZH B, BEDL BT DHWRIERTH D, 4tk 4~6
r HEIZR SN Z ENE0, ZRBRBIELEL, IRICEIMED Z L 20, P THRET
A A (infantile spasms) 13 TSC DHEEZF D 65%LL FICE D G, M cLIFLIEE 727
A7 (hypsarrhythmia) Z/R L. KEOPNMPEEZES West SEMRE) . —fXIC, 450
T CEBEICRE T OWNARIEL A U256 IRRICIRSUEOGE MBI REE 2 1 O MR
BHTE,

B. BRE
° WHE T A AT EE S 2 FLEN R FEIE O T A D A Z MBI 38 ZE e 0 B B e 2 2 5 S Y
EOFT A AREMER Z DO TEW D, TX LRV BN L TREEZITOLERH

éo

o FLIEMWICIZAEHTANANRB I VLT, MEICHETADADEEREDL > R0
ThiO0ZERSH>THEDH I Z &IT, RETADNADRIIFE RIS 5 AN & 5,

o FHYEHNZTANAERIET 2 ATREMEN THIS D TSC BFIZB W T, A% 1 - HE
TIZ, MEORELITO L 2BELTI,

® JERIFEL TV ZRVWAMERT 22T 2EFZARBICESTH L, PHBEREZTT>
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TEHENDH DN, ZOIRFEFIEOAF AMEEMENL L TV, TSC consennsus conference
DWEIITZ O L ) etk e, TEXIUTEKE6 » HETIEL » AT 1EL, ZOHIER
WRTHUE, 6~8 HEMBEITHMEZITIONEE LWV ETH SN TWDER, THIIEER
MELEFD R ET VAR R IRRITFIESHBL THrH E WS Z 22720 4
WAEBEENZ & DERITZ LOOT, MERAEIL TSC D TANARIEDIRIEZBIZZ L 220

SIEHEAT Do

o /NEODTSCHEETIE, TADADOHEZELLT, MEMREZITO ONEE LU,

@  JMIEEBNHBD TAND BEICEBWTIL, 24 OIS A 21T 5 = L%, iR/
BIEOHEEHERTHOZTHENTHLEDERND L. O EOHRPMEIIMHL L
TR,

C. 1%

D ORETRENRD NI BEORRE RN EEAICTHE LT R X0 £
WaATO T EBREE LV, EEOIBRIT ADKHINZ OWT O 2 b B ZIX2RWDN 2 5 AT D
BRE IR IR O TS b O TR B 235580 D AURIER 2 AT & L OBEARH
Do PUTAMATEDIIT, MG L 720 BEOFERL, FEHTANA, BAMEFHIER ERIEOR
HIZk->THRR S,

<>

FLCTADAEK

i B A AL IE O fREH T A A TETE

TSCIZEOF L7 BH T AN A DR —RPK & L T, EERAYIZIE vigabatrin 2 HELE ST
W5, LU vigabatrin [ZEMEM & U THERRET 1T & 2 HLEF A2 ) EE 2 mRICk
ZTOT, BOREBRBMLETH S, Vigabatorin AR TH 2016 4F 3 HIZAR I T
N, O/ FRICITRAS IR FRE DTV B2, TSC BEFE D RIHCAMNA TH - T
b, BIRICITIAF LA TERWEERHY 9 2,
BIRRERNVEL (ACTH) 13, 10RO REHTADNAIBROH —EIREE L L TR EH]
ENTEZIEAITHY , TSCIZAPF LIz B CANADIRIICE N TH, ZOHH %K
P AMEN S 5, ek, ACTH OF EHFL L L CUBUTHIEDOR KIC X 2 mATEEORE
% & I EF WS ST b,

ZHHIRIEN N OSE I, MU BOBEIS BIRET L TRV,

ABBIFR OB SN2 HELHY 55, FIRORMIT AT, TADAJRIERZE R
LT 9 bOENRGRERNRH L L SN TND,

it EPEREAVIE LS J5 1) 2 mEH T A A S D FEAE/ FE R FEAE
TSCIZEPF Lo mEH T AN AU D TR L REIEICH LTI, TADAD i)

160



PRI EHT L7228 BERLZIS Ut CAMN AR E IR L TR 57 5,
FEWFRIERGUE DB AT T AN AT R UIBRIF-CUERT - BERTT 72 & OB FIN 2 5 /87
Do

FRROFN WG ET, 7 b BOMEMRAIMIT 2 ZE L TLu,

L/l A e HANEBERICH LTIV T 07 I oG LEESND,

HNFHEITRR

TADIASKTT 2 SRR FART AR TEAR DG S e W B T A AT DI D ~
T THD,

WH 2 T EOHFITANAREZEYN O LT HERDG D LR WA I #HAET
Ao b ERIEET %,

FHIEEIL, TADAESDRFE L2 OITE SRS, RBRLZESNRS T
FNEWD T % WIS D455 I - BEWHT 2 B L CH R,
ZHRMEO T AT L TEAUBRNL, BEIIESRTHDL, L LR 6 BEAEL
ELHERIBAITHEIEEZELTHLRU,

b . MRT, BRIRIER L 0 AN IE- 0 LaWGAIE, REOHLIMEZIToTTHL
SMY AL LT LEICRMR A RO D UNE R D D,

D TSC BH T, TAMAFIEOIIHID H 72 & TR FHIRE L b RBIC AN TSV
FIFOBIGIZR L ClE, BERLETH D, Filiahifr3 25 6121%, TSC O M
WMERRBR DB D T A AT H =TI EORMNTITH 2 E NN TH D,

o T

. AT 57 — 2%, £7207%0, L ULARIRIIZL K oRE THERME
BRDENTNDEZ END, FITANPARKBIMEORFICBWCGHEGEER LTIV,
FRhUOBLEOHALARETH B,

. mTORC1 BHEIEDE S CTADABIEICH T H2HEDIMELRE SN TE Y, &, HAO—
HOETIETADARBIEICHT DIHRE L L THEHANEAR I N,

3. TAND

B. HRE

it A A E B AR AR (TAND) DA W T, A< & H4FE 1, &
BRICEEM 2T ) 2 & NEE LUy,

D

W
T
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®  TAND Z a9 2 BRi%, TE 2721 AL B 5 s A= 2 3 DK R BT
RN FERMT D Z EREE LY,

o FBHEDITENIIHROZAL B LN H AL, KR D72 53, SEGA, TA
INAFERE, BRI & TSCITHE S R ZEPIER O HER, HEO ML &0 T, i
HICEE OB EIT O MERD D,

o (HxOBFED TN RIS EIET, MBELRDEE (AMEANY b7 ARE, i
BRINSEIERE, REHEERLY) ZLICENTNOBKTA NT A o /BRI R
FEFITHESWTRWL, IBREE T T RITIUERSR0, o T, HITBFEILIC
B OKE - KIET 07T DEEET D LEENRH D,

V. BFZE

TSC @ 60~80%NEIHRELEHF T 5 8, MEMAENIE (Angiomyolipoma AML) & FEJE. BHMARE
BIREHTH D,

1. TSC-AML (ZAMFEMED AML &IFE7Z2 0 | WHAIZZIEMEICH AT 2 Y, AML OBEEEINE & & & 123
L. BATIE60~80%IZZES 2 Y, ZOHBIISEMITHEDL Z L bH D, 10 RTEH
WCHENEINT 5, TORE I 10RNGHML, 20 RCE—27 22 52 LR Z0, [l
ER LA ONgER I bR b D, WE RN BT OB MEFHIRAIE DR T H 503, AKE TILAR
oD 72N MERBIEIE L RO HiLd, FD X 5 725861 epitheloid angiomyolipoma <
malignant epitheloid angiomyolipoma & DFERINMETH S,

2. BRI 2~4%Z R S, IO B MR K D bEETRAET DIz H D T,

3. BFEMUIL 20~50%Z A DIV D, HAEEMEDOBFERIT TSCL, TSC2 W AU HRD HLILDH A, FFIZ

LMD FERUTL TSC2 BB TIZHEHET 5 polycystic kidney a1 (PADI) DR HE 2 HiLT
W5, FEFACBNTYH, FRAELDICHE> TEERN TE2HL1H 0 | FrRENENE
(2. HTHOBZMEYE Tl N R /> TN D,

A FER

1 AML (ZEEFFRROBIR & & bICMIREER ., S, PIRAMAR, M L5 7 & DRk A B
TR, L OHBEITEERTH D, 07D ML BRERKELThORAINEZ EHHD %,
B, B SZ < OGAEERTH L O

AML 1% 10 mEARBE 20 B 20 FRARATE I TR R T2 2 LM b 5 1, ZIUTEVEE D O
MLy ey 7REBEZET L2 b0 5, BHEFTHRAZFA. SHICELAETL, MEDKT
R 5, ETREICHIM LSS TR & 720 =T 792 R —T 2B 752
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bo, TNHEBOIEE, EHICEY CT 2T LW 2#E S8, £ 0 5 2 TR RS
IRZEREAT (TAE) RLBEAFINZAT O LERH D ™,

2. BHME, EEBELZOHAEWERTHD,

3. BEM HREMOEENIIZ  OLEEEIER TH D03, PIDI OFERE 2 b D8R 250
DOEFENOE AL, DTN IIE U BRI ER B EERE E 3 L Ol EOJFRIA & 72 %
DTEEZET D,

=]

. B
®  TSCITxf L TIXEMIAIIC MRT =2 US 247> AML 38 X OSBRI OFEE., KX S &3+ % 7,

FE W T MRI 234 T T & 2RWGEIT CT & 2 WE US Zhf T35 %

®  HGRAE LI ITHEZRD RV E S LIX T /NERIREDSE 1~2 12 1 5], B
DRI E AT 256 EFE~1FIC L BOBEBRESHER SN D B Bos=2Y) 7
TR BB L. RAIC 722> TH RIS ORI TS~ & TH D %,

o MiEiREIID < & BT ATV B AR 32 °7, BRRRIZMIE 7 LT F = R eGFR
T 223, fMiE AL F v CHHEMTHD ™, Mz THESJE LE e O 8% R
92 1 FEEIPEREAVAE OO B B 1 J0m o RIS Ch DAY, RRCIEE AR L CE L &
W2, FO—H X 0 EMEEEAHET 52 E08H 5, L IXMAEHIENIE S RE LM, £
FubtE, ZRIEDFNR L, 1o T TR DZ LUy AML T D JEFHE R 3 E
A BRI O FTREME 2B 2 ER CT b L IXBEREZET D %,

® AL CFMEITE LA OIS b @M ICRO b D 720, MR RAE TTE UL, BLSOfF
eI R DR O F = v 7 b LTHL,

o  EHMEMMGNIIEIIKT 2 TAE OIS0 A DGR EDOREEITITER CT AR AR ThH
Do

C. BE
1B D B IE L OB A DI
RS IZ RS B IRHED B B BHERE DR, AL ORE O PEE, #RKOMEITH 5 %, 1hHF
ADFEEE L LT, AIEROBE TG ORI IG Th 5 %, MR 05 A 1 EE%
R OWKMA, FEENERE O A IS & THIMRIBREN A O LB Z RG5O,

BV IRZERAT

« TBHBY TAE IFIEESCEINE O KR E S Z D OB KB O A MR LA AR I L
THISERET D, — AT 4em LLED AML, 5mm BL_EOBIIREA & 2 BE 113 P
() TAE AR S5 %, LavL TSC-AML O % & F o> HRFHRE 2SR b e, 4%
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DIFFERR DR T2 D ™, TAE KR TH Y | flEOH 0 K LIEITCX 5729,
TSC-AML D JRpHEHR L LTAMATH %,

o AML AR L7235E, BATAE 2179 2 L BRI NS ¥, MATEIENSALERGS
ROMEUNT K DB FREENRONG ST, kil A #5E S 8, EEHE O D0%ERII% B e
173 %,

FHRRE

. FITITENRZERRIN CTLL M AR FTREZR GG, SR DTN TRD bR nga . B
& ORI RN 5E . BR7Z2 ML TIEEEIEERA &EOHEICHIE S D ™7, &
PEREIRAT OO 7= o0 B A 10T 2 1 T30k F . BRI Ay BIBRATANEIR S D Z &M%,

o MRS LT, SAMBHRIRIERLE Th D,

IR EHOPRIEIT L, FEEHEARME7 O F B0, B bmn LL_EOBIIROA HE, EIRAY
FERRATAN FIREDN & 9 D B O MLAE FHAENIE DR BELASMC TR AL LAM DA 2|
ITENREORZRROAGER Y BEOMOIER G BE T D2MLENDH D, > TWIK
FRE BIRNEL, PRRERNEL, BUREREL, AN, BEER, IMAME e & o BER
PEBL & L CAT O BN B D, TSC-AML 1% Sporadic-AML & i\ TAE #2 D FFEE L
BV WHIME, ZFMED Z L% TE LR VZERODIRVIERIE L BT 5~
EThD,

5y FARHUZETR IR

EXIST-2 3BRIZ IV T TSC-AMLIZ %3 5 =Xm U AR DF PR R S 72 ¥, Z 0BT,
R 3em LLED ML 2 A4 2 B 20 RITbivlc, ZREa%F T 2012 ISz

International Tuberous Sclerosis Complex Consensus Conference TIX &R 3cm LA LD
FEIROD AML AT LT ) ARG IR E LTSRS T g ¥, Ll TR 3em
PAE] OBEGRAIRILITZR < TSC-AML (2K 2 = m U A X DG & BIfEICRRET 5 2 LI
REETH 2, HAENTID TN AML 2323 L. £2ho AL 385K L, &£ 4em LA
B U <IFMEENEAREE 5mm LA B2, =_a Y AZRO— ARG LB Z BTN D o

¥ TARn Y AAOFFEERLE LTHNZE, REAIA RS JOWE, TR, ., RER
REOHILGROAEFENHRICHIT 2 07, ZDIFLA LT LV—F 1,2 O
MRbDOThHDH, =1l ARIREEGEE 6 » ABIZIZIEREICAEEFLRPRBD LN
D, TOBRIBRENMET 5 L AEERPRBERIIMR 2 KT T2 07 BEMMM% D5
BRIL2~6% LIRETHD ", LN LEEBKTLIZ LDV MODIEEDLETH
%7,
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* S EBRFICKHTABTREICIZIL =Y - ToIoF Ty - TARZATr o REE
NV RN L 72 B8, mTOR PRERIC L BABREITHOBEBIIT o4 T v B
BESERHEIK DS 2 BT 5

< BMEFIRRGIEOZW - WEEACE L TR, RSB IS O B A ER T A R
TA v BRWREGE TS, HARHIMEMWIESSR SFRHEBEESLE” 221 T
Yy el A

V. PERZHE

ARIENZHF A 72 D 1% 1. LAM (Iymphangioleiomyomatosis, U v 7 3RE M AEAE) & 2. multifocal
micronodular pneumocyte hyperplasia (MMPH)) 38 X 3. clear cell “sugar” tumor of the lung
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FRL72v, FRICTREITZE L7223, RiEIRRE L B 2 415 atypical adenomatous hyperplasia
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BRASC 6 /3BT 21TV LAM OHEITO— 2 & {45, g% < #47T L7ER] ik
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subgroup DLAMAEE | Bl Z I PARERT OB CEBY A 7 VI X W BT 5 XL 5 2RER (K
HDHNFEEIN) ZaRTEE, IEEE,D LAY, EERTWD,

LAM i35 FIET 5 2 &M%, KAE i 2 Leha 1, @HE OKMiaE 7 $HouE LT
BREEZITH, (AL, LMITERMEKET 52 ENZN T, KTEE & & ISR IR
I CDMENR D D, MBEAENIL, FRMLEEZ B L TUITOR D HERZ VR, RER -
BN i g 2 48 UL @ B O P MR R 5 L 2B 2 SE B S RBR S D O CHERE &2 B
Do Bt m—A Xy v a A LMD S Y o 7 (TPC) 1%, Mafsoi% 4 =
ST LA OXMIFEHRE T CTE 27D AN TH S ¥, FEMATRE/ MR Tld, LMY
R LAMAEFNCHER S N DIRRETH D,

A AR IEIARE Tld, AEIRPHIILO U R 7 ICER LT, WRERR, BIEN A & o RS R
B L E#EHE D 5 2 BENARERN E 721 InTORFA F 3 5 2 Batd 5,

b E PR CE I AR A LS L CnTORFAEIK TH 2 =_a J AXBEREN TV D
7o, TSC-LAMIZ & OF L 72 g A IR OTENE TlIm N U A Z RS AIRETH D,

T ZE DHEFTIC L 0 MR A A S P G TIEER U e T —3 3 > L EBREEREN
COPD7g & DO R & [FIER IR S D,

RIARER AR5 U CIBAE AN E G & 72 D, BAEITICLAMDS FF3E LIS D 2 L M b TV D
N, N EFHICHBGEICER B BRI S D Z L idRn,

167



V1. RIERE

A. FER

# 50%D BEINT, MEBCHARRR O WMAREN RO b D, KBS ITAKRIL L T A, T
KU, MEPEFIBECm AR I O AR 72 5, WFRES HIETIC 0 > e GBI IEEZ AT 5
ZELHDOMN, BEITEERD Z EREZN,

B. %
& DWRFICHE L SN TWRWEAEIT, D & b2WEERHZIIIRB O E THRE 2%
FOENREE LY,

® TXNTFELEOBRENLEE LU,

& CEHANRIVEMEHNLTWDLAEIE3 » HIZ1EOBENKIEL SNDHD, FERENE
HCThH-7- D HNEDOERE DG EILIEMRMET — 2 255 FLNERGERHY | ik
DORIFEI < DITRTLHEZ R NEBZ D,

o Ui, MWBEEMNEU-BAIE, MIEEO - I LI ECHE AR O ZEME 2 ] = L7 AlRE
PEbm <L HONICTIRBRCIMAR O EMELZZTRETH D,

(@}

. 18R
FeEE AR O FINHIREDR ML E L 2 5,

FRAZFAETEUXLTHE L, @FERZHEDRW L EOBESHBO b s, HEF,
FHE, BBIIE LT LIXEB g2 F8D i, osteoma X osteoblastoma DL EHRZ B
ZOFELHY, EEEET L, FRROF, Frio, TRELTRE TR, AMICEOREZ -
72, 2. BERROIFENED b D,

TRIEBLER D TR IZE L2 W FRBRZ 0,

VI. FEEDIEE

1. M EFRRERARE > 2. MR AN 2\, FFE oD i A5 0 G 3 R L XA JR A 0D 10-25% 12788 H AL D A3,
FHBWEETIT 2 S U o mEHIEEOFIcEEh 5,
Z oM, TFER E2RD 5, WTLh BRIERIZRD 220, B2 E 0 2 OB AR 13 H i 2
Gl & 2 fERMED B D B R 5 I T TR & TRV AVBHLE DS LB L 72 5 Z L 13b 720,

X. HILEDHE
KGOBEO—ERIEE L, AFEORAEZ I Z L2V | B OERENE OBRMEREMER U — 7' 23558

168



D HENDHEND DD ML SRRV BIRN 2D 2 WEE TN L2 E LT ST,
LS OERRE L L TR TS
HERGEIISBRBROMR L 725,

X. EDMDFHEE
RIS OO L& R NE NSO R IR O FLEBCIR IR IR, T IARCRENR, AT ORRRIE D #2382 73,
BEEDME S IEREZ BT 2 FRT <RV T, BRTEEIZIIA S TV, S BITHRRN 3 IE
B DOFAERPFEEREEE TITEFE LV T LEnE W IoRmE b LN A% ER DMAEN M
ThdEEbid, TofM, MESFEHICHBELZRO L 2 ERH LM, BE 7+ —DH Tt

DI E N,

XI. #H

AIE T H P OREVESR BB TH D O T RADRE L TV DHE T FIHNSBET 2 RIX
50 Ch D, RRBIEFRFEEINTNDN, REERFAREL, 2250, SHITHRY PR
Ry BRI SETANEETH D | DRI 60~80% L B AR T OER B TE 2, £
o, BB FOERBHE SN TS, BARIERCTH%Z2 THT 2 FRNER %, BIRESCIAEETNE
BEALIE DB WHI TR RIER DN EETH 5,

R

FEEIPELEIX 2 ORETH Y | TERBRERE LY Th D, BT OBBEIROMESR I ENE
KR REENTELZTHASH, BIEOBRENI LD THIGH TR EZ %2720, B2 T LAM
RO F B IR 2 454 S U CRERERINFHCIR SR B A RN SN D EE O T H L < 220 AIED
BHEEDW L2500 T OO ELRREE AR L, MEIE U TR & o2
MBETHLFELZFIH L TEBIRETH D,

FTo, BIEDEBEDEINT 21206 -> T, WARA~OBEEDBFEIC 2 > TL %, JREBER 00
REARI T, DS FEAICHE A TV 5 28, B S CIUR IS T3 FE ST H 49 L bRk ITIC
Tl bl b ARMEN RN & BIRTRZENCET A Y v eI GARH D 2 EEEN
TR B 7220,

SFIERIFETH S mTOR PLER (S U AR, =1 Y A R) BASEORE 2 OFERIC ) L THEER
S, RRGFENKRE AR L, B E OB b EEMNZ E L TE 7, LR, Zh
DI OB LITE S | AREICRET D ZL L TW AIREMERH 5, S HITHHLIOTERIEDH
B cE, IO O-ESFHI T AR IDOHA RIA U bUGTAERA LR TN R&

169



Th b,

170



2 Z BN

1. Rayer PFO. Traite theorique et pratique des maladies de la peau. 2nd ed. Paris: JB
baillier; 1835

2. von Recklinghausen F. Ein herz von einem neugebotene welches mehrere theils nach aussen,
theils nach den hohlein prominirende tumoren (myomen) trug. Monatschr Geburtsheilkd. 1862;
20: 1-2.

3.Bourneville D. Scleroce tubereuse des circonvolution cerebrales idiotie et epilepsie
hemiplegique. Arch. de neural. 1880;1 : 81-91.

4. Pringle jj. A case of congenital adenoma sebaceum. Br J Dermatol. 1890; 2 : 1-14.

5. Gunther M, Penrose LS. The genetics of epiloia, J Genet. 1935; 31:413-430.

6. The European chromosome 16 Tuberous Sclerosis Consortium: Identification and
characterization of tuberous sclerosis gene on chromosome 16. Cel// 75:1305-1315, 1993
7.Van Slegtenhorst M, Hoogt R, Hermans C, et al: Identification of The Tuberous Sclerosis
Gene 7SCI on Chromosome 9q34. Science 277:805-809, 1997

8. Tapon N, ItoN, DicksonB]J et al. The Dorosophila tuberous sclerosis complex gene homologs
restrict cell growth and cell proliferation. Cell. 2001;105:345-355

9. Potter CJ, Huang He, Xu T. Drosophila TSC1 functions with TSC2 to antagonize insulin
Signaling regulating cell growth, cell proliferation, and organ size. Cell.
2001,105:357-368.

10. Tee AR, Manning BD, Roux PP et al. Tuberous sclerosis complex gene products, Tuberin
and Hamartin, control mTOR signaling by acting as a GTPase—activating protein complex
toward Rheb. Curr Biol; 13: 1259-68, 2003.

11. Inoki K, Li Y, Xu T et al. Rheb GTPase is a direct target of TSC2 GAP activity and
regulates mTOR signaling. Genes Dev; 17: 1829-34, 2003.

12. Tee AR, Rana Anjum, J Blenis. Inactivation of tuberous sclerosis complex—1 and -2 gene
products occurs by, phosphoinositide 3-kinase/akt—dependent and -independent
phosphorylation of tuberin. J Biol Chem , 278: 37288-37296, 2003.

13. RGRETML : A NT A | MRRBEFIEMRRE (RFBHE) (231 2 BARFITITSE & Z iz )i
RMUTEZRICEAT 204 RT A4 0 () EEMHEGE, EAR PR E R B RS2 (b
198 B2 REHE G RE DT LV MBEIEDOBIYE & IGFRAEEHMERUC BT 2 0F58) FRk 12 TRl EH . W
. 87-92, 2001

14. REFERESM - VR EESE, AEEIERE(LAE, SRR PR TR E R o SR JE 3 (PR B2 S e 1
FEDHT LVMEHIE DB & IR AREHMERIC B3 2 WF5E) SRk 13 F TR #. H U, 79, 2002

171



15. A EIEREAVIE DM ELHE X NIRRT A R oA MAERER S @WBEM, HHE—. AREH
EA. EREM, ROKERT FINF D FREA REERE, L —Rs FEEPERE LI D
PWHEER RIRATA R 74 > AARKERFESMERE : 118(9), 1667-1676, 2008

16. Roach ES, Gomez MR, Northrup H. Tubereous sclerosis complex consensus conference:
revised clinical diagnostic criteria. Journal of child nrurology 13: 624-628, 1998.
17. Krueger DA, Northrup H.: Tuberous sclerosis complex surveillance and management:
recommendation of the 2012 international tuberous sclerosis complex consensus conference.
Pediatric Neurology 2013:48:255-2605.

18. Northrup H, Krueger DA; International Tuberous Sclerosis Complex Consensus

Group. Tuberous sclerosis complex diagnostic criteria update: recommendation of the 2012
international Tuberous Sclerosis Complex Consensus Conference. Pediatr Neurol. 2013
Oct;49(4) :243-54. doi: 10.1016/j. pediatrneurol. 2013. 08. 001.

PMID: 24053982

19. Kwiatkowski J.D, Whittemore H.V. and Thiele A.E.. Tuberous sclerosis complex
WILLY-BLACKWELL Press; 2010.

20. Johns AC, Daniells CE, Snell RG, et al: Molecular genetic and phenotypic analysis
reveals differences between TSC1 and TSC2 associated familial and sporadic tuberous
sclerosis. Hum Mol Genet 12: 2155-2161, 1997

21. Jones AC, Shyamsundar MM, Thomas MW, et al: Comprehensive Mutation analysis of TSC1
and TSC2—- and phenotypic correlation in 150 families with tuberous sclerosis. Am J Hum
genet 64:1305-1315, 1999

22.van Slegtenhorst M, Verhoef S, Tempelaars A et al: Mutational spectrum of the TSC1 gene
in a cohort of 225 tuberous sclerosis complex patients:no evidence for genotype—phenotype
correlation. J Med Genet 36:285-289, 1999

23.Callaghan F, Shiell A, Osborne J, Martyn C. Prevalence of tuberous

sclerosis estimated by capture-recapture analysis. Lancet. 1998;352:

318-319.

24. Sampson J, Scahill S, Stephenson J, Mann L, Connor J. Genetic aspects

of tuberous sclerosis in the west of Scotland. J Med Genet. 1989;26:

28-31

25. Shepherd CW, Gomez MR, Lie JTCrowson CS. Cause of death in patients with tuberous
sclerosis.Mayo Clin Proc. 1991;66:792-796

33. Roach ES, Gomez MR, Northrup H. Tubereous sclerosis complex consensus conference:

revised clinical diagnostic criteria. Journal of child nrurology 13: 624-628, 1998.

172



26. JoyceM. C. Teng, MD, PhD; Edward W. Cowen, MD, MHSc; MariWataya—Kaneda, MD, PhD;
Elizabeth S. Gosnell, DMD; Patricia M. Witman, MD; Adelaide A. Hebert, MD; Greg Mlynarczyk,
DDS; Keyoumars Soltani, MD; Thomas N. Darling, MD, PhD Dermatologic and Dental Aspects
of the 2012 International Tuberous Sclerosis Complex Consensus Statements JAMA Dermatol.
2014 Oct;150(10) :1095-101. doi: 10.1001/jamadermatol. 2014. 938. PMID: 25029267

27. Yvonne Chekalukl, Joel Moss3, David J. Kwiatkowskil, * and Thomas N. Darling2 Darling
TN, Moss J, Mausner M. Dermatologic manifestations of tuberous sclerosis complex. In:
Kwiatkowski DJ, Whittemore VH, Thiele EA, eds. Tuberous Sclerosis Complex: Genes, Clinical
Features, and Therapeutics. Weinheim, Germany: WILEY-VCH Verlag GmbH & Co KGaA;
2010:285-309.

28.Magdalena E. Tyburczy, {, Ji—an Wang, {, Shaowei Li, Rajesh Thangapazham, Sun exposure
causes somatic second-hit mutations and angiofibroma development

in tuberous sclerosis complex Human Molecular Genetics, 2014, Vol. 23, No. 8 2023-2029
doi:10. 1093/hmg/ddt597 Advance Access published on November 23, 2013

29. Papadavid E, Markey A, Bellaney G, Walker NP. Carbon dioxide and pulsed dye laser
treatment of angiofibromas in 29 patients with tuberous sclerosis. Br J Dermatol.
2002;147(2) :337-342

30. Belmar P, Boixeda P, Baniandr.s 0, Fern.ndez—LorenteM, Arrazola JM. Long—term follow
up of angiofibromas treated with CO2 laser in 23 patients with tuberous sclerosis [in
Spanish]. Actas Dermosifiliogr. 2005;96(8) :498-503

31. Weinberger CH, Endrizzi B, Hook KP, Lee PK. Treatment of angiofibromas of tuberous
sclerosis with b—aminolevulinic acid blue 1ight photodynamic therapy followed by immediate
pulsed dye laser. Dermatol Surg. 2009;35(11) :1849-1851.

32. Weiss ET, Geronemus RG. New technique using combined pulsed dye laser and fractional
resurfacing for treating facial angiofibromas in tuberous sclerosis. Lasers Surg Med
2010;42(5) :357-360.

33. Dabora SL, Franz DN, Ashwal S, et al. Multicenter phase 2 trial of sirolimus for tuberous
sclerosis. PLoS One. 2011;6(9) :e23379.

34. iBissler JJ, Kingswood JC, Radzikowska E, et al. Everolimus for angiomyolipoma
associated with tuberous sclerosis complex or sporadic lymphangioleiomyomatosis
(EXIST-2) : a multicenter, randomized, double-blind, placebo-controlled trial. Lancet
2013; 381: 817-24.

35.Pallet N, Legendre C. Adverse events associated with mTOR inhibitors. Expert Opin Drug

Saf. 2013;12(2) :177-186.

173



36. Curatolo P, Moavero R. mTOR inhibitors in tuberous sclerosis complex. Curr
Neuropharmacol. 2012;10(4) :404-415

37.Nashan B, Citterio F.Wound healing complications and the use of mammalian target of
rapamycin inhibitors in kidney transplantation: a critical review of the literature
Transplantation. 2012;94(6) :547-561.

38. Franz DN, Belousova E, Sparagana S, et al. Efficacy and safety of everolimus for
subependymal giant cell astrocytomas associated with tuberous sclerosis complex (EXIST-1).
Lancet. 2013;381 (9861) :125-132

39. Pallet N, Legendre C. Adverse events associated with mTOR inhibitors. Expert Opin Drug
Saf. 2013;12(2) :177-186.

40. Haemel AK, O’ Brian AL, Teng JM. Topical rapamycin: a novel approach to facial
angiofibromas in tuberous sclerosis. Arch Dermatol. 2010;146(7):715-718.

41. M. Wataya—Kaneda M, TanakaM, Nakamura A, Matsumoto S, Katayama I. A topical combination
of rapamycin and tacrolimus for the treatment of angiofibroma due to tuberous sclerosis
complex (TSC): a pilot study of nine Japanese patients with TSC of different disease
severity. Br J Dermatol. 2011;165(4):912-916

42. Koenig MK, Hebert AA, Roberson J, et al. Topical rapamycin therapy to alleviate the
cutaneous manifestations of tuberous sclerosis complex: a double-blind, randomized
controlled trial to evaluate the safety and efficacy of topically applied rapamycin. Drugs
R D. 2012;12(3):121-126.

43. Tu J, Foster RS, Bint L], Halbert AR. Topical rapamycin for angiofibromas in paediatric
patients with tuberous sclerosis. Australas J Dermatol. 2014; 55(1):63-69

44. Wataya—Kaneda M, Nakamura A, Tanaka M, Hayashi M, Matsumoto S, Yamamoto K, Katayama I.
Efficacy and Safety of Topical Sirolimus Therapy for Facial Angiofibromas in the Tuberous
Sclerosis Complex : A Randomized Clinical Trial. JAMA Dermatol. 2016 Nov 12. doi:

10. 1001/ jamadermatol. 2016. 3545

45. Cook JA, Oliver K, Mueller RF, Sampson J. A cross sectional study of renal involvement
in tuberous sclerosis. J Med Genet 1996; 33: 480-484.

46. Rakowski SK, Winterkorn EB, Paul E, Steele DJ, Halpern EF, Thiele EA. Renal
manifestations of tuberous sclerosis complex: Incidence, prognosis, and predictive
factors. Kidney Int. 2006; 70: 1777-1782

47. Wataya—Kaneda M, Tanaka M, Hamasaki T, Katayama I. Trends in the prevalence of tuberous
sclerosis complex manifestations: an epidemiological study of 166 Japanese patients. PLoS

One. 2013; 8: e63910. doi:10.1371/journal. pone. 0063910. Print 2013

174



48.Ewalt DH, Sheffield E, Sparagana SP, Delgado MR, Roach ES. Renal lesion growth in
children with tuberous sclerosis complex. J Urol. 1998; 160: 141-145

49, Borkowska J, Schwartz RA, Kotulska K, Jozwiak S. Tuberous sclerosis complex: tumors
and tumorigenesis. Int J Dermatol. 2011; 50: 13-20

50. Crino PB, Nathanson KL, Henske EP. The tuberous sclerosis complex. N Engl J Med. 2006;
3551 1345-1356.

51. Neumann HP, Schwarzkopf G, Henske EP. Renal angiomyolipomas, cysts, and cancer in
tuberous sclerosis complex. Semin Pediatr Neurol 1998; 5: 269-275

52. Harabayashi T, Shinohara N, Katano H et al. Management of renal angiomyolipomas
associated with tuberous sclerosis complex. J Urol 2004; 171: 102-105

53. Seibert D, Hong CH, Takeuchi F et al. Recognition of tuberous sclerosis in adult women:
delayed presentation with life—threatening consequences. Ann Intern Med 2011; 154: 806813,
w—294.

54. Rouviere 0, Nivet H, Grenier N, et al. : Kidney damage due to tuberous sclerosis complex:
management recommendations. Diagnostic and interventional imaging 2013:94:225-237

55. Halpenny D, Snow A, Mcneil G, et al. : The radiological diagnosis and treatment of renal
angiomyolipoma—current status. Clin Radiol. 2010:65:99-108.

56. Castagnetti M, Vezzu B, Laverda A, et al.: Urological counseling and followup in
pediatric tuberous sclerosis complex. J Urology 2007:178:2155-2159.

57. Levery A, Stevens L, Schmid C, et al. : A new equation to estimate glomerular filtration
rate. Ann Intern Med. 2009:150:604-612

58. Nehus E, Laskin B, Kathman T, et al.: Performance of cystatin C-based equations in a
pediatric cohort at high risk of kidney injury. Peditr Nephrol. 2013:28:453-461.

59. Schillinger F, Montagnac R.: Chronic renal failure and its treatment in tuberous
sclerosis. Nephrol Dial Transplant 1996:11:481-485

60. Patel U, Simpson E, Kingswood JC, et al. : Tuberous sclerosis complex: analysis of growth
rates aids differentiation of renal cell carcinoma from atypical or minimal-fat—containing
angiomyolipoma. Clin Rdiol. 2005:60:665-673

61. Hatano T, Chikaraishi K, Inaba H, et al. Outcomes of everolimus treatment for renal
angiomyolipoma associated with tuberous sclerosis complex: A single institution
experience in Japan. Int. J. Urol. 2016;23:833-838.

62. Koo KC, Kim WT, Ham WS, Lee JS, Ju HJ, Choi YD: Trends of presentation and clinical
outcome of treated renal angiomyolipoma. Yonsei Med J, 51, 728-734, 2010

63. van Baal JG, Smits NJ, Keeman JN, Lindhout D, Verhoef S: The evolution of renal

175


http://www.ncbi.nlm.nih.gov/pubmed?term=Borkowska%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21182496
http://www.ncbi.nlm.nih.gov/pubmed?term=Schwartz%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=21182496
http://www.ncbi.nlm.nih.gov/pubmed?term=Kotulska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21182496
http://www.ncbi.nlm.nih.gov/pubmed?term=Jozwiak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21182496

angiomyolipomas in patients with tuberous sclerosis. J Urol, 152, 35-38, 1994.

64. Seyam RM, Bissada NK, Kattan SA, Mokhtar AA, Aslam M, Fahmy WE, Mourad WA, Binmahfouz
AA, Alzahrani HM, Hanash KA: Changing trends in presentation, diagnosis and management
of renal angiomyolipoma: comparison of sporadic and tuberous sclerosis complex—associated
forms. Urology, 72, 1077-1082, 2008.

65. Dickinson M, Ruckle H, Beaghler M, Hadley HR: Renal angiomyolipoma: optimal treatment
based on size and symptoms. Clin Nephrol, 49, 281-286, 1998.

66. Nelson CP, Sanda MG: Contemporary diagnosis and management of renal angiomyolipoma
J Urol, 168, 1315-1325, 2002

67. Steiner MS, Goldman SM, Fishman EK, Marshall FF: The natural history of renal
angiomyolipoma. J Urol, 150, 1782-1786, 1993

68. Mues AC, Palacios JM, Haramis G, Casazza C, Badani K, Gupta M, McKiernan J, Benson MC,
Landman J: Contemporary experience in the management of angiomyolipoma. J Endourol, 24,
1883-1886, 2010.

69. Sooriakumaran P, Gibbs P, Coughlin G, Attard V, Elmslie F, Kingswood C, Taylor J,
Corbishley C, Patel U, Anderson C: Angiomyolipomata: challenges, solutions, and future
prospects based on over 100 cases treated. BJU Int, 105, 101-106, 2010.

70. Oesterling JE, Fishman EK, Goldman SM, Marshall FF: The management of renal
angiomyolipoma. J Urol, 135, 1121-1124, 1986.

71.Kessler 0J, Gillon G, Neuman M, Engelstein D, Winkler H, Baniel J: Management of renal
angiomyolipoma: analysis of 15 cases. Eur Urol, 33, 572-575, 1998.

72. Koh KB, George J: Radiological parameters of bleeding renal angiomyolipoma. Scand J
Urol Nephrol, 30, 265-268, 1996

73. Kennelly MJ, Grossman HB, Cho KJ: Outcome analysis of 42 cases of renal angiomyolipoma.
J Urol, 152, 1988-1991, 1994

74. Kothary N, Soulen MC, Clark TWI, Wein AJ et al. Renal Angiomyolipoma: long—term results
after arterial embolization.] vasc Interv radiol, 16: 45-50, 2005

75. Hadley DA, Bryant LJ, Ruckle HC, Conservative treatment of renal angiomyolipomas in
patients with tuberous sclerosis. Clin Nephrol., 2006; 65: 22-27

76.Bissler JJ, Kingswood JC, Radzikowska E, et al. Everolimus for renal angiomyolipoma
in patients with tuberous sclerosis complex or sporadic lymphangioleiomyomatosis:
extension of a randomized controlled trial. Nephrol Dial Transplant 2016:31:111-119.
77.Willemsen AE, Grutters JC, Gerritsen WR, et al. mTOR inhibitor—induced interstitial

lung disease in cancer patients: Comprehensive review and a practical management algorithm.

176



Int J Cancer 2016; 138: 2312-2321.

78. Maruyama H, Ohbayashi C, Hino O, Tsutsumi M, Konishi Y. Pathogenesis of multifocal
micronodular pneumocyte hyperplasia and lymphangioleiomyomatosis in tuberous sclerosis
and association with tuberous sclerosis genes TSC1 and TSC2.

Pathol Int. 2001 Aug;51(8):585-94

79. Kobayashi T, Satoh K, Ohkawa M. Multifocal micronodular pneumocyte hyperplasia
associated with tuberous sclerosis. Acta Radiol. 2005 Feb;46 (1) :37-40

80. Kobashi Y, Yoshida K, Miyashita N, Niki Y, Matsushima T, Irei T. Multifocal micronodular
pneumocyte hyperplasia in a man with tuberous sclerosis

Intern Med. 2005 May;44 (5) :462-6

81. Taveira—DaSilva AM, Steagall WK, Moss J. Lymphangioleiomyomatosis.

Cancer Control. 2006 Oct;13(4):276-85

82. Avila NA, Dwyer AJ, Rabel A, Moss J. Sporadic lymphangioleiomyomatosis and tuberous
sclerosis complex with lymphangioleiomyomatosis: comparison of CT features

Radiology. 2007 Jan;242(1):277-85. Epub 2006 Nov 14.

83. McCormack FX, Gupta N, Finlay GR, Young LR, Taveira—-DaSilva AM, Glasgow CG, Steagall
WK, Johnson SR, Sahn SA, Ryu JH, Strange C, Seyama K, Sullivan EJ, Kotloff RM, Downey GP,
Chapman JT, Han MK, D’ Armiento JM, Inoue Y, Henske EP, Bissler JJ, Colby TV, Kinder BW,
Wikenheiser—Brokamp KA, Brown KK, Cordier JF, Meyer C, Cottin V, Brozek JL, Smith K, Wilson
KC, Moss J; ATS/JRS Committee on Lymphangioleiomyomatosis

Official American Thoracic Society/Japanese Respiratory Society Clinical Practice
Guidelines: Lymphangioleiomyomatosis Diagnosis and Management

Am J Respir Crit Care Med. 2016 ;194: 748-761.

84. Kurihara M, Mizobuchi T, Kataoka H, Sato T, Kumasaka T, Ebana H, Yamanaka S, Endo R,
Miyahashira S, Shinya N, Seyama K. A total pleural covering for lymphangioleiomyomatosis

prevents pneumothorax recurrence. PLOS ONE in press

1717



Frie A

A BETRECODN AL

7SC1, TSC2FEART DWTHUINIHERBIER RN v, TSC DFEEZMNII TR Th D, 7272
L. FIGDITHERIEANEE CTE 2ERTRITE, ZORY TiERw, £72. BaFHRET
JRREIR TR RO 62 < &b, RETELIE TRV & ITZET TE R0,

B. BRIRZWTORBMWEEYE

FIER

1. 3fELLEOREFELE (B 5om L)

2. BEAmE O 3MELL Eo A SRHENE F 72 1 XA, B O AR L Y 722 2 R

3. 2{HLA L NBHMAENE (ungual fibromas)

4. vx 7Y /Ny F (shagreen patch / connective tissue nevus)

5. ZRMEOMEEOEBIE (multiple retinal nodular hamartomas)

6. KIMBEZE D BANE (KRIMAZERERT (cortical tube) « bR AN A E AN BB (cerebral

white matter radial migration lines) Z&®H5)

N

. M= FARTHEET (subependymal nodule)

8. M= AR TE MM E R MAE (subependymal giant cell astrocytoma)
9. LOHAHE (cardiac rhabdomyoma)

10. U\ REMHNIESRE (1ymphangioleiomyomatosis LAM) *!

1 1. MEWHIENAIE (renal angiomyolipoma) (2 &L F)™*!

NN

1. BAEPE/NABE (confetti skin lesions)

2. 3MELL EOtE=F A VE D LI/ (multiple, randomly distributed dental enamel pits)
3. 2fHMA Lo AENOBHENE (intraoral fibromas)

4. WAEEEMIEDRE (retinal achromic patch)

5. Z%MEFEME (multiple renal cyst)

6. BHLIDOEFEE (nonrenal hamartoma)

%1 lymphangioleiomyomatosis & renal angiomyolipoma DIEIRD B BHE 1 Definitive
TSC & 2Wrd DITIIMDIER 258D D MEN D 5,

Definitive TSC @ KIEIR 2D, EIFTKIER 1 D& /MER 2 DLLE

Possible TSC : KJEIR 1o, F7i3/IMER 2 2L E

178



HiEESR

HL—K 1 ) 5
SEGA Y (B3, > | SEGA HY (BHKET-IZ
SEN/SEGA SEN &Y & lon 1 & lom BLE)
) HY FHTADAER | HYCEH. BE. Fi
L) (%%18
N ThdA HY (BBEE) ) k)
MpfEE ERAEE BE~hEE EE~REE
SFE- SRR Rt — BE~ g EE~REE
BRI M #R 412 HEEEICKEE =
. L
|-7 ) === N - 2. -~
. JTCBEL 50 44 A2 RBEREDENH | HRETCIWES | ghmmr o s
Y INyF RETENAIHE =9 CRENLE) BRIz YB3 Gh
=} BANE)
e | . HY LDRIREERE | HY CEH. hT—F
DR | DR HY (BBEE) ) . )
= M & A S A IE O®Y O®%Y HY (BREF(2E 3cn
s (BRFEFITZE3em Ll | LT,
EENORSRR) | }) B 1 4 LUAICHE
_ HIOBEENH D, )
B
O&%Y HY (BRELIH
BEMES HY
BRETREFRDS BEERAEY LY
M. BERERAEL, bf;;\%(&i ,M" HEERNHY . it
LAM EAAENELEE | B DS A
B P THYTH AVELR B e
3. (I2@E) EBEANRRE)
MMPH HY
fish LAM HY (IR BER) HY CAENBE) HY CAEICIEM)
AP, DR& s
DGR . i o
DI RIS HY (RBEE) HY CAENBE) Eiik
ZDith PEComa
IREDBEME HY (FBER) HY CAENBE) HREEEERT
HEOIFAILEY . HY CABENADE) ,
T4 BY (RBBRE) EREERT

179




B

TSC : Tuberous sclerosis complex (iEHEIMHEAE(VIE)

mTOR : mammalian target of rapamycin

TAND : TSC-associated neuropsychiatric disorders

SEGA : A< T EMMAaE 2 JfafE (subependymal giant cell astrocytoma)
AML - ifn A 5 A D A

TAE : transcatheter arterial embolization

PKDI : polycystic kidney &5+

LAM @ U U 3 RE A IERE  (lymphangioleiomyomatosis)

MMPH : multifocal micronodular pneumocyte hyperplasia

CCSTL : clear cell “sugar” tumor of the lung
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