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TEFEREE ICHiFE S 2 PIRMHEREE | EL IR TE 5P IREMEEME

FA T, A B0, TH #O, A BT

1) BMFERERRINER

2) BEEMKZNER

3) FARTRFEZERNER

4) BB ERME LYY —INEBAEY T —

EE [ HEMBIRE (histiocytosis, T HC &BERE) (FEBICRERELERA 2EaR ICERUEE T 2 REMBHESRT, SVTILNAYR
HREIMEMIERAE (Langerhans cell histiocytosis, BT LCH &B&EE) Y IILR/\A L—F £ X% —J& (Erdheim-Chester disease, T
ECD &BEED) MEFEN, BRAFVE ZRF & T 2 NEBERTFEMLY > /IO EFF—+F (mitogen-activated protein kinase, T
MAPK &RBESE) RESDEMLBIGETEERRHSD. LCHBIDEK % E, ZUIRIEL LB UIERERASEL U IRFERIC, AR
T D /INIMIRZE W INEIE D IR 10/ B R S i R AN REFEE NN E U . ECD IC b AR O P IRFHEZEMAE (neurodegeneration, T ND
EREED) DB B, ME, MAPKFEEAIICE D CNSNARET 2 I ENRES N, ZOPRBREE%EFEFRRHED ND ¥ HC fiH 5

BHICRHU MAPKEEANIC L DBRINIE, WENPFTE 5.

Key words : 7> )L\ ZHBEMEBEGE, TILR/NAL—F X5 —JK, BRAFVOEZE
DHEERTFEMELRY VIV BFF—CEHEE, HREZME

EU&IC

HEREREE (histiocytosis, BT HC &B&RD) (3, HERRIEAEAY
KRR IGIHRICEREUES T 2RENEBHREBZOBRIMTH . 2
HBERFEME Y > /N0 B+ —1 (mitogen-activated protein
kinase, BT MAPK &B&ED) g, #fER LOMKRE TR E
DRARENS, HIEEND RAS—RAF (ARAF/BRAF) >MEK—
ERK NiE8% %, MANEEY T FILZ G2 2RET, #HED
SMEPIETETR & [CEBIRIZEING D, HA DK 40% I Z DREEL
DEGTFITEECEEEZRDZY. %< O HC OFIMREICS
BRAFYV6OE % {3k & 9% MAPK IRERDEMLEGFERZ R
%5 mOUBLZWVWHC BNRICHERT 2T V7 IL/\ > A BREE R
BRAE (Langerhans cell histiocytosis, LT LCH & B&SE) TH S
N, FED SEEL LB UATEIRZEHIE K U fc Rl I /X R
AP RN EE NI EM ICEIT T D P IRE R EEE
(neurodegeneration, T ND &B&EE) Z#HHT 2 N30 &FE
NS HSNTWZ?, e, BRAIKZWIIRNAMLA-F
245 —¥% (Erdheim-Chester disease, LT ECD &B&EE) TH2
RO SRR ICEITT T 2 RERD ND OFEEMN I > TEY,
W, TNS5HMAPK BREAIC & > THET D AREEIHRE S
nTway, LHL, ZOHC BEEPRHEFEEMEE (HCND) (&
1B THRIEIEWH, REFRBED ND ¥ HC BEDHIC
HCND MEHNTWBTTEEMNH 5. KEBERTIE, HCND ICFE
TEHMBEEFED, AV Y-V T DAREREICDOVWTIRNS,

HC D&% & BRRE&

HCND % #t5 9 2K HC I2id LCHY & ECD® 1'd 5.
& DERRER% Table 1 [CE &8 B,

LCH [FHL%RICIFHET 20, BARTORERIIERK 100 41
T, ZD20~30%IIMAFIE TS N2, NETIHBRICY
PEZWH, BATIEELZZEF RV, ZHITHREEBOKRIEMR
lckbirah, MEEREKIE CD1a"/CD207* D AR AR MAZ T
J—b—FROUONIKDEFHTH S, BEEREIRES T,
INETEBEERICZ<HEHRETEACESEREZET 2 &N
H>3. FOM, FEMEYCEMSS - AP - BB - i - TEERR
ZENHSND. MEEOBRECEERIMFEDHBEICITZE
BB IT DI ENDH S,

ECD IXIFEAENBMATERICEZ L, BATORERITER
B EHFIND, ZHIE, 20%E< OBIIC LCH OBHE X/
IHENH D, FEEBOREAARICK DEWS N, HIER
BRI CD68Y/CD1aDi@FRIR~Y I/ O 7 7 —IT, &AW >V RIC
Be5l &l %O Touton REMREDOHIRIEETH S, ELHE
BRENREZ T, MAETTRICZV. Z0OM, KREAGEDE
2§ - FHiE - BERE - B - TEASRENASND D, KIMEP
EARORHRENSHMTH D, BREBET DI EER0,

ZDFHh, HWERHEEDEWHC & LT, AHRBICHERT 5
EUHEEBATE (UXG) (AERTORIER 50 FI/F) PEERAIC
1759 % Rosai-Dorfman % (RDD) (AATOFEH< 5 Hll/4)
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Table 1 Clinical characteristics of Langerhans cell histiocytosis and Erdheim—Chester disease.

Langerhans cell histiocytosis

Erdheim-Chester disease

Susceptible age
Gender

Incidence in Japan

Positive for CD1a and CD207
Immature dendritic cell*

Pathologic cells

Bone in cranial bone)
Skin/Mucosa 40-50%
Xanthoma None
Lymph node 20%
Hematopoietic 15%
Involved iver 15%
organ Spleen 10%
Lung 10%
Thymus 10%
CDI 10%
APHD 5%
Peri-aorta*** None
Peri-renal*** None

Spontaneous regression

Infants (<3 years old)
Male predominant in infants

About 100 cases/year

80-90% (osteolytic and common

Sometimes in solitary bone
or isolated skin lesions

Adults (around 50 years old)
Male predominant
Several cases/year

Positive for CD68 and negative
for CD1a foamy macrophage**

80% (osteosclerotic and common
in bilateral lower extremity)

25%
30%
None
10%
<10%
<10%
30%
None
40%
40%
50%
70%

None

*Coffee bean like twisted cell, **Presence of multinucleated giant cells with a central ring of nuclei (Touton-type giant cells), ***Fibrotic lesions.
CDlI, central diabetes insipidus; APHD, anterior pituitary hormone deficiency.

N2, BEENERBERZE% JXG - RDD D 2~5%IC588H )8,
ZDESBBICND DY RTRF & 7% BRAFE ZEDIRE
INTVNBIO ZENS, JXG ¥ RDD ICHEHT 5 ND A EET
ZAREMEILH BN, BAEDE ZZREFRYLSHW,

LCH 8LV ECD lc& 173 MAPK BIDEBIEZFER

2010 £ (T LCH DI TR AR IC BRAFVOE ZZR AV H
INDZENRESINY, TNEZEEIC MAP2KT 72 E MAPK %
BOBLGFICSEELCEENRLICEESI N, 90% D LCH I*
MAPK R ESICEE LB FEENH D 2, COERIFRZ1/\—
ZTERTH 3. ECD HFHUA < IT BRAFVOE ZE A D19,
NRAS *> KRAS %% &8 90% IC MAPK I8 ICSEMELEIZFE
ENEH I3,

HCND D&%

LCH B8 ND (LCHND) T, B MRIEZENETHEN (K4
RFEBND [(ND]), Z0#, #BERNEIR (BRI ND
[cND]) ¥%. AiA LCH A LCHND ##i5 9 % & & EHReH T
EFNT®, LCHND DIF& A EIF/NE LCH ICHEHELTWS, /I

IR LCH D 24%H IND Z#t# 9 %19, BHADNE LCH OFAEE
[FEB70HIZETHD, LCHND FRHIILER 15 BT E & HE
ffehsd. BRO/NWRZHBR/ZERE LCH O J/R— k1
ETTIVRDAR—N"Y TlE, LCHEZWEB 15FEORKAD
LCHcND D RIEBHREKIF 6% THD I &h 5, HETOD
LCHCND #RAIILER 4 FlIF & & HEEtE D, LCHCND & 20

SINEHOPREE, BHAOIR—bTIE 7.9 (I8 4.0~
14.5), 72 YADIAR—FTIE 9.2 (1§ 3.4~25.8) TH 3.

MREICBLEFGW,

ECD @ 38% I FIRMIRIERZFRYD, ZOHE, TH4DE
20%38 < HYND BROERFTR 2586 %2, BARTO ECD OFAE
BISFEEBPITH D, ECD BIE cND (ECDcND) #FiRflIdF -
16FE EHETE NS, ECOND DIREHIET R T 50 RETHED
BAT, FEAENBHETH DD,

HCND DJFEE

LCHND DOBRZ IClE, CD1a'LCH i =386 3 CD8'T J v
JEREX 7 O7 7 —VDEBENH 32, LCHND DIFEAEF
BRAFY60E ZE BBZ T, LCHND #eflIEEENED LCH I/EH R
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Fig. 1 Schema of brain lesion of Langerhans cell histiocytosis associated neurodegeneration.
Langerhans cell histiocytosis (LCH)-associated CNS degeneration presents with inflammatory neurodestruction.
Brain lesions show high expression of the inflammatory cytokine/chemokine osteopontin, and infiltration of
macrophages with the BRAF V600E mutation same as lesional LCH cells, and CD8-positive T cells. No CD1a-

positive LCH cells are observed.

< THRBIMPIERPIC BRAFVOE ZEMNGHI N B0HH D,

MBRZRHOMERBRICKEEYIQT77—Y (200U 7)
DX —H—2ME T BRAF: ZEB I DMEMIKAZEL, HE
B TIERERY A NAAVITEAA D THERZARTARYF
>~ (OPN) »EHEELTWEY, LCHilEOREREZO7 71l
FNEEEMAROREEEYIOAT7 7 —Y (TVTILINV X
HHAE) Tida< BREERORAES BRI ICELT D &
M5, LCHND @/REI LCH flifd & EERZR U < ¥ 5 BBEHR%
AIERHEAE OB E AN DRMIC & 2 KRB S HmS
hTtw3 G@1)

ECDND DA IC UV IERRBET VA -V R - iR
DIELR%ERH, @x%vam7;—jwﬁﬁ%wwém#
D22 ECDND % AIEMHEBIENRER EEZ 51 5. ECDND
BHI(F & A ED BRAFVE ZZEZMETH 520,

HCND DERFKE& & 8

LCH 2ZHTi5Ic LCHND 2R 2 Z L IFBHTENT, %< D
154, LCH 2K S EIFEERTHHOBRESNIHEAL K
HRIC, MRIT/hRBEIRZIC T, &fES, EEKICT, &E5DE
EXNEDEFMROEVWEBRENHIRY S (LCHND) ».
BE HAREZETEYL/INE, KNEERICHUIFUIFE
BESHNERL, NNABCRREICERFENASNDHH
HB02 INSOEEMRIFIFEAENRLICELL, K
PARBMDOEMEMNITNZ292) (Fig. 2). MRI BEDHIRE, ¥
DHIT LCH OFEENMERZEIFEARL TWB®, MRIEZEDH 541
D 25% &, FELIANIC/NNEKT R E DFENEE®, FMESET P
HEBEE - UMRELCBEDESRNEERENHIRT S
(LCHCND) 929 (Fig. 3). fHEERDETIIBAZENKREL, &
EOEERFADH TRET 261H SHE TEYREICEDFIF
T3, LCHCND D RIERFHEEIL, 5 FT 1~2%, 10 FT 4%,
15FT6%'M~9 &, LCH ZMiH 5 5 FLREICIENT 5. BA
D OR— bk Tl&, LCH ZHiHM 5 OERREB D HRIE 12 F£ T,

317 B/ 15 Bl LCHeND % 32 ZD>55 1041 (67%) &
FRARIEERBRAE (central diabetes insipidus, LT CDI &B&SE) %,
6% (40%) (F TEABIERILEY WAL (anterior pituitary
hormone deficiency, J{ T APHD &RB&E2) &L, 5t 1141 (73%)
MhghhzafE- T 26lIcsVT, Zhs CDI - APHD
I&, LCHCND ICHEAT R IFRBFICHEE U, LCHND A'%&iTU T
Blidiam oo, HIREROHIREEIC LCH OEEMERE #5812
DIF 46 27%) DHTH T

ECDND THY MRI & PHRERNER S NS KA, ECD
EZMICEITRITEEN 60%E<, ECD ZHE 2 FUAM
30%E< Z& 6 3. 80% IR IR ICBRE PEREEIR
MERE/R E D ECD OEEMERE £ 2. ¥HUU L IFBEEERT

DIRE &=, 30%3E< k CDI =R 3. FHFERISSHITRES
ML, INNERPITE) - RABEEEDRAICETL, 30%iA
< 2~4 FTHTEY 3292 fix MRI T LCHND & RIERDFTR %
RHB. EEMRDH BEHIEREZSHT 20 [SHIRERD
ETHRWD REHOFE, $E- H@ BHRERICE T, BESD
ﬁ%&;ﬂ%@fd\/\ﬂﬂer%wm

HD-ND fiHED ') RV AF

RECLEGEOERS, AES, BEEE BSPEZENRT
5BICREDH 2 LCH fERIE CDI DHEFE Y X h'EW (2.6
f£) 728, N 5lE TCNS U RV EfL) &IFIE2H%29, LCHND
DIYRIVAFTHH 2. COIMHELIHIE 5 FERULBFRY
% & 76%HY LCHIND Z#iFd %%, LCHCND #i3RiE, CDIff
P (13.2~20.0% vs. 0.7~1.9%) 919, FBHHF] (FFlc CNS &8
PIAND) 99 [CHREICEW. 75V ADIR—MTH LCHeND
DIFELE (94%) (F LCH IREARR T BRAFVE ZR Z R,
LCHCND D RIE#EFH R (& BRAFOE ZRBHBHTERICEW
(22.8% vs. 1.3%) 9,

ECDND @Y R RF BT S N TWARWAY, ECDcND DOl
ICIE, TEEBEEBORE?, CDI 1520, BRAFVE ZENE
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Fig. 2 MRIfindings of our cases with Langerhans cell histiocytosis associated neurodegeneration.
Case 1: A girl aged 3.5 years at diagnosis of Langerhans cell histiocytosis (LCH). A) One year after the diagnosis of LCH, symmetrical abnormal
signals appeared in the bilateral cerebellar dentate nuclei. B) Three years after the diagnosis of LCH, the abnormal signal lesions gradually
expanded. C) Seven years after diagnosis of LCH, the abnormal signal lesions became cystic lesions. Case 2: A girl aged 2 years at diagnosis of
LCH. Over time, her cerebral atrophy progressed. A), B) and C) are 6, 11, and 17 years after LCH diagnosis, respectively.

; ; Clinical ND
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Fig. 3 The typical clinical course of Langerhans cell histiocytosis-associated neurodegeneration.
Several years after the onset of Langerhans cell histiocytosis, when the initial bone lesions (red arrows) have resolved, high-intensity lesions
appear in the cerebellar dentate nucleus and basal ganglia on MRI (T,/FLAIR) (blue arrows). After several more years, the patients develop
cerebellar ataxia and higher brain dysfunction, and eventually become bedridden.

L2 Z &S, LCHND &[RRI,
RAFEEZSNS.

HCND DXL AV —H—

FRREMRE TH DL RIEMLIE? ERKRIC, LCHND
EEWTHERIEREY A M A1V v5—0O4FY (D17 %
OPN, #EEROMIEBIRRA THD 21— OT7 1 TAY NE
## (neurofilament light chain, LT NFL &B&EE) HY/NA AT —

INSIEECDND DY RY

H—&7%%. IL17 1 LCH OREFERICE < b > TW3B®),
M#FH K OBERA IL-17 [ LCHND TEF U39, LCHND D2k
ICERBRN—Hh—E7%%. OPNH LCH OfRREALICIE < B
D) MigH KL UBERF OPN I& CDI ##% U7 LCH TLR
9%, OPNIF, LCHND DRRZETEmFEIRL, LCHCND DFE
BHETERULY, LCHND OEZMICERBNY—Hh—EB%.
T FH L OMmEEF NFL (& LCHND Z2#i% U/ LCH TER T
%, Fiz, BRBPO NFLIEIK, #%iBd 2D MAPK BEEAIC & %58
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BICRIG U TET L, LCHND OZH, &K1, ABERIGKED
FHmIcER G5,

LCH MERIREEICHH DD 59 LCHIND 1T 35 L\ T BRAFV0E
ZEMNKREMEBZIRPIC 35 6] (60%) THRESINIEDR
£ LCH AERIRREICHE MDD 5T LCHND flicH W T
BRAFVoOR ZEE AR M B ZIKF ( 8/36 Bl (22%) - BRI
2/20 ) (10%) THREIhizE DHEY 1B 2. &> TLCH
NERIREICE DD D S ITREMEBEZIR ORI BRAFVO0E
ZEIMRE I N/HIIL LCHND 255 NETH 3.

ECD® & LCH® THA NAA VT EHA Y DING—21d%
DERIZZDT, LCH ERERIT IL-17 ¥ OPN HYECDND D/ 7
N—N—ERBBMNERHATH D, REERRRIEE WSHEL
fIREEN ST D&, NFLIEECDND ICEWTHNAAY—H—
ERBEEZS5ND. ECONDHIDZ < [E, ECD OEENMERE
EHESTWSH2D, KFIMAIC BRAFSE ZEAKRHI N
BN L2,

HCND D&

LCHND IcxLT&ZEoIa7 Yy (VIG) BEYY9YIEY
(Ara-C) #GEDY, ECOND IEULTA 4% —7 Ay (IFN)-a
BEDRASNTERD, BRIEDOHZEMENES HERE
EREMoTe IVIG BEIHERERDETZES Y 5 A REIEIR
HBEINRESIE DI EFHRVDY Ara-CERIC KD LCHCND
WHE L& DBED NHBH, LCH DHIERAREE LT Ara-C
RO ERAWTHH%IE LCHND Z##iF 352 &M®, LCHND

3
l'l\

IZXF LT Ara-C BEEDBEMMEZREE L e lED MBI AW & D
5, ZOMRIETETH S, IFN-a BEIETIREFRBLEDH 2
ECD O4BFER%ZHE LS B 2N, ECDND ZRES B2,

LCH*® & & U ECD* (CXt9 % MAPK FEEHI OB 31 I£/EL
LTW3, HATIE 2023 F 9 BRETWIT D MAPK [BEH
H HC [T U TIRBEAR I N TWRWAY, BRAFCEZEDH S
ECD I BRAF FAERFITH BZRLAZ 7T Z7 (VMF)O A, &I
FEERICHDDSTHAHC IC MEKFEEZERI THDZIEXF=
T MDA IC L D ARSI TWS, B, MAPK FEEHIC &
D HCND AAREL I EWSIHENERINDDH 5.

McClain 5 (&%, 4 %D LCHCND Ic BRAF FAER|Z &5 U 1.
R D HIRER O 1 61 Tld MRI FTR O®E S iER DB K,
FRERHER 1~4 £0 26 TIE MRIFIR S FER OB ESE
TR, FRAER IR 10 FLLERB U7l TId MRIFRR -
EIRE B ICHEFE S NG > fo. Eckstein 51%%2, 13 D
LCHND (LCHrND 4 f5, LCHcND 9 f3l) < BRAF FEEHI £ 7z &
MEK FHEH| %##%5 Ufz. LCHND @ 4 £ TIc MRIFFR D&
&, LCHcND @ 9fll (FMREREIREOFRRE 23 1A [1E0
ME~12 &F]) R 8HICHIRERDBEERBN, 1 FlIFFRE
Eofe., RER -t 1 BlIFHREROHIRE 9O FRBE L flT
Holc. ITNSEDZENSTSELCHND ODRE, d7abs,
LCHIND DEEBE 3 % (& LCHCND & 72> TEEMNIC MAPK FHE
BlTHRET 2L, BENHFETEZ. LAL, WThoRET
b, BERWICKDIBEL, AEHRBICOVWTSERRESHINE
T¥%H 3. ECDND Icxt9 % MAPK FEEHI DR E (£ 72 LW AY,

Table 2 Proposed diagnostic criteria for histiocytosis-related neurodegeneration.

<Major criteria>

1. Presence of history* or active lesions** of histiocytosis

2. Typical findings on brain MR

3. Presence of cerebellar ataxia or higher brain dysfunction

<Minor criteria>

1. Positive for BRAFY6%F mutation allele in blood or cerebrospinal fluid

(but only under no malignant diseases other than histiocytosis with BRAFY6%E mutation)

2. Presence of central diabetes insipidus or anterior pituitary hormone deficiency

3. Elevation of IL-17 or osteopontin levels in blood or cerebrospinal fluid

(but only under no active lesions of histiocytosis)

<Reference findings>

1. Elevation of NFL levels in blood or cerebrospinal fluid

(but only under no other central nervous disorders showing elevated NFL)

Definitive HC-cND: fulfilled all of major criteria

Definitive HC-rND: fulfilled the major criteria of 1 and 2 (If the MRI findings are minimum, fulfill reference findings)

Probable HC-cND: fulfilled the major criteria of 2 and 3, and fulfilled at least one of the minor criteria

*especially craniofacial lesions; **especially bone lesions. NFL, neurofilament light chain; HC, histiocytosis; cND,
clinical neurodegeneration; rND, radiological neurodegeneration.
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Chiapparini 52" &, IFN-a Ri® ECDcND @ 2 flic VMF Z 1%
50U, MRIFTR - #RER & BICERRIELZBLBELTWS,
BHEEEETIE, BRAFEEAOHEAREEMELEZED
AP, LCH ¥ ECD [CE WAL IFIRE SN TLVERLD . HC
FICTK T 2 VMF OEIHER E U T, REPHIRBEOEELL IT
H5N2%. BHATIEERFLEEIEBEESARDD, BHAY)
BROWEERUVBVWL S ICREARICGERINETH S,

HCND DRV ) —ZV JREBELZHEESR

HCND (& MAPK BEEHIIC & > THEMRF TE 2 PIREiRE
ETHD, BHISGABENAULIESRESRITEV. £oT,
HCND ZRHRICREUI T 2 ENEETH D, ZDedIiTiE, &R
ARED ND ¥ HC BE DT HCND AW Wwh, XU U—=
VIS BRENE .

BERTRBEDOND DRV U—=>7ELT, BHIR MRIFIR
DR, RO LCH (FICEEEAEERE) ORERE, X
#R° PET REICK 2 BREDIRER, R D BRAFVE0E
ZE7 LUK, CDI/APHD DO&3R, MK &#E&RH IL-17 ° OPN
DRE, NBEIFSND. FHWEMRFIENSHZHICENT,
HC D BFETRENMERZE HVAERR T & 11id Definitive HCcND, HC
DEEVEIERENASNTHRL TH BRAFEZRT L)L
D& FE fz1d CDIVAPHD OHF, IL-17/OPN SEOWT N A
HE Possible HCcND (Table 2) &L TEWEEZ 5,

HC ORI YU—Zv & LT, EHEEEBERZEN CDIAPHD
D H ZFCEREGIO MRl OELRE, NNKREGE QIR
BOKRE, NFL OHIE, HC NEMRIREDOHICH 1 2R Mm
BRAFVOEZEE T L JLREHET 51 3. BHHA MRIFIRIC
Mz, #FEERHH 1L Definitive HCcND, #HIEAEIR DR LNVIG
& 1& Definitve HCrND (Table2) & UTEBIL TELWEEZ B,

SHRORE

FERAREOND LV HCHZRY')—=>2"LTHCND %
BHAICEZHTL, MAPK FAEHIC L 28R TCERNRPIRGRES
ZEhE T 2HEOINEFND. 15 FEHNS AMED iR
MEERBERAAREE TRBIRIE ICHRE T 2 PIRHREERED
- REIETYXORIE, R (KK | 1EHEF) %
BU., £9, HCND DL VX MU—BEICEFL, NFLAE
DEBIBIZEE 22 I\A AN —H—%FBAW\ MAPK [HEH| DR
RERO HHEEDHDHHTH 3.
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Abstract: Histiocytoses, including Langerhans cell histiocytosis (LCH) and Erdheim—Chester disease (ECD), are
inflammatory myeloid tumors in which monocyte lineage cells aggregate in various organs, causing tissue damage. Most of
these tumors harbor oncogenic mutations in mitogen-activated protein kinase (MAPK) pathway genes, typified by
BRAFY8%%E Some patients with LCH develop bilateral symmetrical cerebellar lesions and brain atrophy several years after
diagnosis when the initial symptoms disappear, leading to cerebellar ataxia and higher cerebral dysfunction. A similar
neurological disorder has also been reported in ECD. This neurological disorder can be improved with MAPK inhibitors.
When patients with this neurological disorder are identified among neurodegeneration of unknown etiology or histiocytosis
patients and treated early with MAPK inhibitors, the disorder can be reversible.

Key words: Langerhans cell histiocytosis, Erdheim-Chester disease, BRAF'6%E mutation,

mitogen-activated protein kinase inhibitor, neurodegeneration
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