Letters to the Editor

3 LiQ, Uitto J. Heritable ectopic mineralization disorders: the paradigm of 5 Gheduzzi D, Taparelli F, Quaglino D et al. The placenta in pseudox-
pseudoxanthoma elasticum. J Invest Dermatol 2012; 132: E15-E19. anthoma elasticum: clinical, structural and immunochemical study.
4 Ramos-e-Silva M, Lrbia Cardozo Pereir A, Oliveira G et al. Connective Placenta 2001; 22: 580-590.

tissue diseases: pseudoxanthoma elasticum, anetoderma, and Ehlers-
Danlos syndrome in pregnancy. Clin Dermatol 2006; 24: 91-96.

Rituximab therapy for deep toe ulcer with microscopic
polyangiitis refractory to corticosteroids and

cyclophosphamide

Dear Editor, treating antineutrophil cytoplasmic antibody (ANCA)-associated
Selective B-cell depletion using rituximab, a chimeric anti- vasculitis including microscopic polyangiitis (MPA).! Rituximab
CD20 monoclonal antibody, has shown beneficial effects in has been shown to result in stable remission in patients with

Prednisolone

ol/mt iuSteroid pulse 500 mg l l|lvlClYl E

‘Y Rituximab

7 mgldL
10:5 MPO-ANCA \\/“’“
CRP M
040 N 35 7. v
201077 20111 20121 20131 9

Figure 1. (a) Physical examination revealed tender erythematous nodules, livedo racemosa with purpura, and inflammatory plaques
on his leg edema. (b,c) A skin biopsy of the nodule showed necrotizing vasculitis in the lower dermis and subcutaneous fat
(hematoxylin-eosin, original magnifications: [b] x40; [c] x200). (d) Clinical course. (e,f) Deep ulcer with right second toe (e) at start
of rituximab and (f) 4 months later. ANCA, antineutrophil cytoplasmic antibody; CRP, C-reactive protein; IVCY, i.v. cyclophospha-
mide; MPO, myeloperoxidase; MTX, methotrexate.

Correspondence: Tamihiro Kawakami, M.D., Ph.D., Department of Dermatology, St Marianna University School of Medicine, 2-16-1 Sugao,
Miyamae-ku, Kawasaki, Kanagawa 216-8511, Japan. Email: tami@marianna-u.ac.jp
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Cockayne syndrome

AREHEAD
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1. & - Ei =]

Cockayne %% 1936 “F-{Z Dwarfism with retinal

atrophy and deafness & LT 7% & 6 Dz
FFE LWL O A LiERTE(Cockayne
syndrome: CS) DIt O Wiy Td BV, dkil-§
LS L U MR & R se8 e, et (K
£, IZAZIR, W nwFER, BLART O
K, BLANEEZE A & MO SR PR & 28 )

1946 FFICIE A A DML TI D2 AD 10FEHD
itk L, MR E AR, ST, B
MFAATS 5 2 & B L7z? 0 Sug
arman 57 CSOYEFRRR 1L DL H IZF o7
CSIEFEIEAENS, WAEKE, JERDOMEFTOH X
LY 3 oDEHHRENC R I A, CSTH (i
B b4 Ao NS X O AR
DINEIZIER TH HH, 2T TIOREMED
ML LBITS 5. o 7o AEDHRTT Tk 2 H 0

b L M IRAT T RE R 2t 3 5 2 L A%,
I G 10 S TH B, CSITRI (LR
P L A & O ECERE 2 458 e L, B
HFEALERETTMUT T 2s I LAF
Zw, CS T GRIEI) &, 1 ZITIERORE -
REOTE) 562 0 ., 10 5EACT O I8 2 45 &
5, FESHTIE CS IMHZIE CS T & orp
FHSPLEED VT B 5 TG S &5 5% etk
TOHMEENNIAEF) 2 55 H(TdH B, Natale" &4 4
& LT ATHIE D SN RIEZNE O B OTE & it
WL, LRt3MEoOSIRORIN X % s 57
OHIFER, AHER, BERICSHIL Tv 5,

F 7= COFS(cerebro—oculo—facio—skeletal #iE{H#
) 1 CS R MENEHLAE (XP) & [kl {m T2
BARNZE3NTBY, CSUMETLRLLYE

%<, CSANRY T ADWMDIETEEE & % %
bhb, ZOXPEDEDE(CS/XPB, CS/XPD,
CS/XPG) b H 5.

F1 CSOEBOCI X HsUm

Ktk Atk
G L% U ASE) H 658
s TRl (1075)
AN I i
N TS B
e 3 i
KRS K& 0T
SR AL R 250 | T BRREAE T
BPIERAL

Masaya Kubota: Division of Neurology, National Center for Child Health and Development E LT IEHENF% &

v 5 — FEEME
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HRERBEE2R) 10 655

2. i 2
H A IS 3540 5 S E AT 1 CS T 12

10075 th 22 72 2.77 A (95 % fE #X #] 2.19~

3.11) & S A S s AN TREZ
WIEDH o 72 47 FIOWFUL CS TR A1, CSTI
240, CSIIZI34, CS/XPD 1BlTHo7z
/fkcﬁ”‘ ji/i\/{dﬂ
klkipﬂ;hgw?%ﬂm%% HE—no
v NOME(TS VR, AFVT, #5304, 4
?UXWAﬁ%@ﬂcdﬁm%*%éhtc&D
’F’:Mﬁ 2100 THiZED 2D 2.7 ATH o 72"

SIEEFLIC NP IB TOEEII LW E
,‘i}‘i:bil?é.

3. & £3] O

CS OB B M S NI A BB
&hiozomﬁfﬁi‘ #if CSA, CSBb-mﬁ'éh

, RNA &0 @f'ﬁ?ﬁgku 573, BE
Fo T DR 18 (55 & 460 L7257
(transcription—coupled repair: TCR)) DR
B T 5 LHEMSNEICEL 2" 272
L ZNDATIECS DL REEAIF A2 57,
CSBIZHR o T b TCRUAHC p53 im 5 B, fiEE
PADENS, insulin-like growth factor—1(IGF-
DA®DJUS, housekeeping genes DIEE., #—
177/—t@wL, %:VFU?@hmﬂ
’ ﬁ&&ﬁbﬁ’&zﬁé TR

1)

%&%{L&: LTES22H
Al <7§= ; 5 B R L E DE VR,
&fﬁ?&:&m@ 75l DNA 5T HERE (TCR) o ilfE &
ES MR B0V TIERI 25 H5% v,
DNAWS1ZM omist L LA P L 2D,
NAEREER, i TEd -7 7Y -0

/N %?*Iiﬁ’é?Pﬁéiﬁ_ﬂ)“Jﬁi‘“t THY,

(mpAIg 1
72 mtDNA DYIEBREBEBER IS D Wb o T

' ﬁ%maﬁ.ﬂewL%o %ﬂﬁ[

G4 ENMEEEORFEL LTEZLNT WS,

EHNRI 1 F p53 4 CSB & 3k 7] < 5 2 4l
B % 457 1k 24T (cell senescence) 583 % b <
WiEZ boAs, FREUBICHEEISBR A
HhoELERET S, F U DNAKBERET
b 20 27D 5 B FE LD RTEAL) 1251
DHXPTH Y, RGN D FLAIH L 0
HCS EVI ERITb b 2"

CSA. CSBWMAWTHRL I bav kYT
ﬁ%ﬁﬂLémuxrpx%armm

V5% F7: CSB KIAMINL IE mt 2sHEh L, >i* -
F7 7 V— DT %48 & (down-regulation),
free radical 2R 3R mt D IERIAVE 5.
CSB i mtDNA @ damage sensor & L THfEL
mt 7+ — }~77°/—~75:$2£r’9“2> *— I~77’~/—~

5) W’iﬁl “é Z’Lr';% s 7’» ’b autophagx:, : hmul‘i,n,’;‘ro’x, &
: L“Cﬂ) VFIRRTNTL T (mTOR inhibi-
torf‘%&%) ok /E(“ﬁ’?i)*%;{. f‘oﬂ'CwZv?b’

0352’ W ‘&i‘_’%bk’iﬁ” M@%}Eﬁ’ﬁ‘*ﬂ% = :}”w‘* w, m
¥ MRI T3 BB ATHRD AR - T
% (ﬁ 2).

"&'}‘

A& G Y IENT 2 A L7 85K

b3 PRILKRO R, KR EEROW %
RSN, ATV Fy A ORGE & LT 0
B R 2o 72, BHETHEISI0 AT
T%c%%

. B EERIBN

f)ﬁﬁ_fﬂ& 5 1 DR BE IR i
ThaH. HifhEd, SR WRYER, CTL

@é&fﬂi/ﬁ"’fﬁﬂ@ﬁ CRMBHICERTH B

CSIWTIAHE 2D 34 UMRICHBlT 5 2

LWL, B NETFHERIES-6KTH 5.
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B1 75 CS1ELRBOXBEEERE (collagen type IV HE)
string vessels (22[1) % il 5.

3671 1 4?&71]3 811074 11

- E2 8#%CS IEKEOEE MRI(T1 ABE{R) DF1L
BT RSB/ AGEA TV 2.,

- R3 8mCSIELRDBRE
a. PAM Hef @ AL - MR L 7SR RIRTE BRI S I 0 /M L 2 IRAS 580 S L 5.
b, EHUIA - S & 44T (J2E0) 2 2 5,
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*2 CSIMOERBBREBRET—4

6 mj (13 71)
wan
6390209
© 1148(0M)
18.2(20 )
0490200
27 (1641)

5&5’ /1\-}'{15},’?’.{

1047 (18 #71) NS

- 3fl(ie )

12 f&lj (13 fﬂ )

oma1M) 00003 11/27(407 5)

SEPAIC L B CSIMDHRREE EMET—
¥ RFR2ITRT. CSIRI4140TI0 % Lh.kic
Rol-re UTIIRRESE, E/0LR6, i
[, SEALMRICHERE NS FROER, R

Yo, WHSEH, CT LOWRHMERILTH -
foo SHUCHIB KRR, PR B

<. BIIZ/PFUICH L TR THuR WA CS T

B 15 41 O T3 TP 1 44.941.8cm T b H )
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BANFHEVWZD, ZOED, NAF—TEED
AR ERIIILE L TA LA Z LB .
Flonbw s HEEN R (, HHAEATH A
HOZRIFEDL LW,

CS D BRSNS 1 SR D852k
FHLE T, OHEFEIREH7ROARZEN DNA
£ %1k (unscheduled DNA synthesis: UDS) il
E, QENBEZERE, @HAERERL

%
x
®
|
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YO DNAWEET A b, @UETFHRE, &5 >
28 27 AT, ©RNA A 0% B35 (RRS) 7 & 2%
Hb. 0

— DML + AU - FREA S SR SR
v RIS T (ALT, AST LS EFMA S
%b&ﬁ%ﬁmmmm%ﬁﬁbmﬁmuﬂ%
BT LA TEEEREAG T 1 5-6 MG

SIAE D 10 MENTH T & 2 % B HIE DMEAT
EHEBIC & 2 (E2). 7 VT F = VIEMRET
DO\ ENL T ENBY Y AFF > C
BEHTO7 40— FE L,

ANEE, R, ARYA NI T4 —%0ED
EBIZEN ORI R BHF L, 2 ORpEE
W EEBETTHERPETIE RV, oL
CENLEETDH 5.

6. BMETHR =]

HAED & AMAN 2 S A < AHERRED
TRCTHbD. FEAMTHE LT, SRR
AT Y= CHESE L, B T,
UVAy MREIZAMT 5. XPICHIET 5 L%
AEUBRIIRIETh 5 2 E DL WA TR
WThHoD, HIMGBRUC X 2 MBS 21X
a@s%&s@ 34D AT T4 WA % AT

ﬁkﬁi’ﬁf% EY 1 AOBMTIERVA, HE
BRI T 2SR R AT (32 1 (BRI L
EBNTEDIMBL, Wb Tl EELS
5O THYLAREIREILETH D, FER
AR e, RAEF2—TR L‘&%"i}ﬂbﬁ‘

Ex #ik

DFEMEHEAETH O AN D) e 2 5 AT AL T
il /2%, Nance 5™ 37 AD CSIBH DY
FETAEMIE 12 TdH o 7295, %2@&0 NE:2
ME O CSIMDZNIL189MTH Y, %g
ﬂ*?bf”?‘?@&%ﬁ* WAl LT B &k
Twa,

CSOWMAEFFR2ITRT LI CSIRDOH
THIETPNCERICBD b b, L7 L g
L BUN - Cr o®ifiti, W& »237 ik, Wik
ML B Y, REE, L7+ 00— Ed
SEMIC 5-6 BELLFRIZIEAT S R&ETHH ) ¥,
SZEMAICB T AETH 20D H H 9 AAK
WMIEREL o TwD, WREDMEFTIZH L
JEBEENT AR RA BT WA, BIEME LT
W atEoms» b Cati Al 25 —EIRTH
B BB TICON T I8 7 4 v —, [
WHTFi OO0 Y N LY, HA, WEESWO
KT & 2 Hi o R, %m%%%ﬁkﬁ¢%
WL A BRI E,  MENRREE (AR - FERRREE
&M@%W@$ﬁﬁ@ﬂﬁ3kﬁLf@Nky
TTEEYREHRL T ANTF A (XT M=
SRR, EATIE R R0 U T3l
PRH R ENUIEL RS, ARYRREET S
CSD 7 THRED 2 or 4 AHERIIIRS HPICH
HOTEBE N [http://www.cockaynere
searchcare.jp/].

(R TRBLIT R % THEOR W27 L B LT IR
REWUFZEE > & — B IR I A KRS S A S ER A /2

LEF

1) Cockayne EA: Dwarfism with retinal atrophy and deafness. Arch Dis Child 11: 1-8, 1936.

2) Cockayne EA: Dwarfism with retinal atrophy and deafness. Arch Dis Child 21: 52-54, 1946.

3) Sugarman GI, et al: Cockayne syndrome: clinical study of two patients and neuropathologic
findings in one. Clin Pediatr 16: 225-232, 1977.

4) Natale V: A comprehensive description of the severity groups in Cockayne syndrome. Am J

Med Genet A 155A: 10811095, 2011.

5) ABREHEL : [ 4 v sEER QMM B X Ot L & 7 DIREHEN O Iz DONFFE] TEASS
TR SRR OTIRTFAYSE T 23 4EIE  #IE - SIERFRME T, 2011

6) Kleijer W], et al: Incidence of DNA repair deficiency disorders in western Europe: Xeroderma
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Seckel syndrome

AfREHEAD

Key words : fik&r &, ZNIUE, ATRILET. DNARMGISH

1. ¥BE - T&

Seckel SEMNE L, Seckel 51960 4E 12 F{ 5k 2
% & THHTHE L2l 5 ok Rk
@, HERKE R, NEUE, MR, JREL
S TRV S 1B F A RS S
ETLRBTH D, FHOMNHE LTRESR
MR, K& CZEILAS, P THEiae
LY. Majewski %13, O T EHHIEHE
i, @ WAEROREHFRIEGE-5SDUT). ®
ANBIE (B —4 SD DLF), @ EEEMMYESE, ®
USROS 2 BR BRI E LCTEIT7

WAERGRAE, TR, KA. BHEE

Re RUE AR, WA A 2N & MBI T,

TR 0 B M S s ST BY, FHA
— IS ENTRIETH 5. FihISERETIC L
TSR PRI IQ S0 LT & 8N BRI L &
Fo0LH D, 10 %IEFEEEEIRE BAhia v
FE—=VIEESTH A, MR E LT3
SO MLERIE A, B S F1 0 %o e oA
D —HDIERICA SN B,
BEESVER et oot/ NgTE (MCPH) & Seckel
JEMERR (SCKLY AR b9 A UHEHEIC X
DRI sTWoS, HFRIES TR 54%
HTlERL, INLORJBPMIIHEE LD A
N7 N AEMETAY. ioMETERT
Wi oM 5. MCPH i H#ESE 4 (neuro-
genesis) FD b DDA, SCKLIEY /) AR
EMIC L BB S DT R b— 3 ZAHER &

DD D 5.
LFofmERENTHERS L HIZSCKLD
KIABMEATI2LROBETFHFR SN,
MCPH < /NG P SR 0 P SR 28 P/ A e T Y
(type II microcephalic osteodysplastic primor-
dial dwarfism: MOPD2) & O LHindh v, Hfx
TE - RBIBHPE S S ICRE P L ETH S,

2. & #

I E TE0 PR LA ST B A5IERE
ISP IR TH S, 1:30,000-1:250,000
EONEEN D B, LIUET OMEFEIL 200 5%
Kif & Sh b,

3. %
s

SCKL ® AT Z LU 407 B 78, i
&7z DNA D515 (DNAHBHESD) 12 W Btk
RFERAMMT 5. SCKL DR TR OHf
7213 O Driscoll 5V & 5 etk 3q22.1-q24 1T
& % ataxia-telangiectasia and RAD3-related
protein (ATR) MHETEREHTAHIF AT D
MUENS 2 585% 5 Pl 2 Wik & 34 (SCKLL).
FEREO—HILTIR (2101A>G) R ZE S 1,
WIRIWA T 54 ¥ ¥ 7 OREERELL, ATR ¥
N7 EEMMKT L. 2o ATRIZANE DNA
RIS B L OB A & = X A DLz d
ZHWLTO LX) 2EfkEdDH 5% Oserine/
threonine protein kinase T, TEMENCIT, 2841
ME 723 DNA BB E 20 L OMRT-3EER b

Masaya Kubota: Division of Neuroclogy. National Center for Child Health and Development [E375EH EHEWISE L

¥y — fEAR
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VATHF xy 78 A4 7 N T Fvaeifthitd 5.
@Y L o ARSI [ST]-Q % BT 5.
(3 BRCA1, p53/TPs37: &%) b L, i
I DNABI R LML 732 % il L. DNA
518, MBI BLOTHR b= 22T 5.
(WDNARE 4 # f2 T, histone variant H2AX/
H2AFX @ ‘Ser-139" % ) » fi&{b L. DNAI
ERIS A S = XN %W+ 5. ©FANCD2
IEFF LR ETH D OGO
M L EYE MRS LHTH B, DATR
& ATM (ataxia telangiectasia mutated) 1%, 5%
AT 5 %+ — €T, DNAREEIC X 0 iftk
{fb&h s, ®DNA damage binding proteins/
complexes (ATR @ ATRIP: ATM @ MRN){Z &
HUST, ATM/ATRIZEE b 5 237 DY)
LI & D DNAREEF = v 7 KA ¥ b &
G35,

Z DAl Seckel-like DT & L Tl retinoblas-
toma-binding protein 8(RBBP8)if & T @
& E A K4 L(SCKL2)®, MNATL it % F
(SCKL3)" centromere protein J(CENP]) #t{z
T8 5% (SCKIL4)", centrosomal protein 152-kD
(CEP152) = T-2 4% (SCKL5) ¥, centrosomal
protein 63 kDa(CEP63) #tt{z1% ¢ (SCKLS) "' 7
ELHRE SN TV .

SCK14 @ CENPJ #HzF 1 MCPH @ FUA MR
FThd ) KERPLHEHICL S RBBIL, Femi
AR O ME LRSS CRIET 5. B
BEMNS I MRIEE IS -3 B Uk 7 %
7 5BUC M B, SCKLS @ CEP152 itt{n1- 1
LRBEEICI G- L, CEP152 OBfiEassebh b
&, ATM ¥ 7 F W RERE O (L & H2AX
Y URMbE A E ISR S, BHEA P LA
KoTHLBY / ABIRIFOREIIER I SN
"

EBIHGEATR 7 ¥ /82 L EMBEAEM LT
DNAMSEF = v 7 A4 ¥ b DAL L
#Cd % ATR interacting protein (ATRIP) % =
— N4 % ATRIP (& T 2 IRA 7\ BT
TR ELTREIN TS,

4. & &

MBI E DNAHI 22 L% = » 1oy, &
DI R WIS B b, MUK U R
DF xy 7R Y IIWEHALENS, R T
ATR kinase %> ATM kinase 25L& 4, iy
(X DNAET - BT % T GLIR G2 VT
19 5. ATM I& DNA A G IS 215 L
THD, ATRIZDNABIMZ b L 2% DNA 4
2 & b B LA —AE{ DNA IZHi& L DNARI
5% (DNA damage response: DDR) & fish 2%
MBS Z 2 Wi+ 5, DDRE, Mm%
DFx v 7B A Y MEEALIC & D DNAJRG %
&L, DNAMSH G =¢, Alse, #lle
IR E v o RlEE T T 75 A e it S
BRI S 7 FIVREEAT).

Murga 5"iE= % A2k b SCKLOZER L L
THIB LD ATR MR T2 5% A/G transition 2 il
AT HE, b MUETOHRGEERBIATI 4
YU TRENALN, b b SCKLYSA 0tk
(FEWNIEFIRIE, /NI, NS & OHiRE %
ELHRE, NE R, B X ORI, &
LB, NIERRAD 5 Ee <y AART I &%
W Uz S BRI A 5 o0 DNA H 0%
WA= 7 A ZALOMAIEL TO 7T A0
HE D TE RV LIEN L TWAY, ATRME
T OEEREO /2D IE RN A & DDR A5 HEfE¢
¥ T DFREER I, T AR 5
WORMP LA ERELE LS LEEZLNS
(ATR-Seckel fiEfi ). Ogi 5™ ATR-ATRIP-
Seckel JEMREE/MEER, /NHL WRGILE, 45
He 58 % v SCKL 3t = T- Bi- KB o> £ §:
e & HITR L

¥ 7= Mclntyre 5™ Cenpj DIRIEEI A 375 =
FefThey AR{EEL, O REiEO S
A b SCKLAF A OFERZ R & 2ifidi L7z
Z 0=y AEE R A & DNA RN = 7 R

M= R EDT ) AREERERTH, 1EH
TR EE Murga 5B 5 & 9 7 ATR/ATM
& DDR, MM > 7 F MREE NS L
TWiaholeZl &t Thah. AN RIEY:
iR E S 2 MR A% CENPJ -Seckel 4iE
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BEH OB EREDNRETH A H LS
Nz TR BERMIN L0 ) AREEN
WP REOHFLMISH D LER LN TWVS.

5. BWiCERNBE

SCKL M 1. THT BB LI
I <2, SCKL W4 EINESIL, IO/ g%

P BN S OBRELREORA, ¥ P L b.

Dubowitz fiEf%:#E, de Lange JEf%#, Bloom
{58, Nijmegen WrZHEMERE, B X U' Fanconi i
I EAMER T NEBERE LTEIT LS.
a4 VREGIHERERE, RARR BT
55 OBV —IRICHAEREOK g, ADEEE
i, BEMOBEIUREEE RS, B
BT CT LEEMICARILZRDZ I LMD
FERNEE S BT v,

¥ /- SCKL {3 MOPD2 & RTINS R 5, i
HIRITENBERE FWeHHHEKSE
NERFEDS R %A%, MOPD2IXSCKL & It
L, MEMEZLIVEBETHIEASE
<100cm), FOFRHE T, MYREIRET
HHTLVENELY, FTEMETERBHER
21q22.3 1= pericentrin (PCNT) T 5%,

Ozawa H"d PCNT MR FOLERITERE S
2 MOPD2 25 L Twab. ZRICE B EAYE
WX IE B O W HACHE N 35, A K
M 850g(—5.9SD), & £31.0cm(—10.2SD),
FIPH24.5cm(—628SD)CH F i 2KT7TH
A4 6,325g(—4.3SD), £ 58.5cm
(—8.4SD), H{PH36cm(—7.5SD) &¥ WK
B2 30, IERMEF U N—EA S ) —
ZVTTFAMNTO LB ERD TR

b, HEBRLAHL VT & SRIIREZ,

< BIF LS, B, AEL SO,
WER E—{E SCKL & i TH - 7. BEE
DBMPEWRIIK, KRG OFHRS v ¥
& RO & AR D iR s RIBEOTE
MRI %[ 1SR 9. ERE, SaEUERRd, ¥
W7 ABDR 570 38R EDOBRA LT
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H5H, WHHEORIES PO T 5 EIB%ITRIFE
W2 B,

B2 14958 2 BB & /N THAE 2 & SCKL & i

RREHT E TV B 5B O MRI 277 7.

REHIEANE7MHI AL WA E2205¢
(—2.2SD), P 28.7cm(—3.2SD), #E 43cm
(—2.9SD) THIEL < WA U7z 5833
RBETHETRTEREZITY, BIEsEE
i DIRETH B, BIALHPH 40.5cm(—~5.55D)
EEWLAFZ RS H, MRIEY VE Y ZZLD
JEHRE, AR 2 5. —IC SCKL
DPREMFERORE & Uik eniliiE, Chi
ari 1EIGFIE, ZURE, JMIERAR, JERME, Hiy
LREE 2 EOHE2H A, WHEMRERE L D ISAMH
NFROFEA M e BN d B A5, BRI KT,
CNDHTRBMIZREMETH B, FERITHRY
{2 SCKL & #Blifr Sh7=flic b PCNT Mz FER
BROWAEZINTHBEY, FNIZL 5B & PCNTH
57280 %2 5 2>SCKLIE b 72 WSCKL & 1 1%
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Review Article
Canavan disease: Clinical features and recent advances in research

Hideki Hoshino'? and Masaya Kubota®

'Department of Pediatrics, University of Tokyo and *Division of Neurology, National Center for Child Health and
Development, Tokyo, Japan

Abstract Canavan disease (CD) is a genetic neurodegenerative leukodystrophy that results in the spongy degeneration of white
matter in the brain. CD is characterized by mutations in the gene encoding aspartoacylase (ASPA), the substrate enzyme
that hydrolyzes N-acetylaspartic acid (NAA) to acetate and aspartate. Elevated NAA and subsequent deficiency in
acetate associated with this disease cause progressive neurological symptoms, such as macrocephaly, visuocognitive
dysfunction, and psychomotor delay. The prevalence of CD is higher among Ashkenazi Jewish people, and several types
of mutations have been reported in the gene coding ASPA. Highly elevated NAA is more specific to CD than other
leukodystrophies, and an examination of urinary NAA concentration is useful for diagnosing CD. Many researchers are
now examining the mechanisms responsible for white matter degeneration or dysmyelination in CD using mouse
models, and several persuasive hypotheses have been suggested for the pathophysiology of CD. One is that NAA serves
as a water pump; consequently, a disorder in NAA catabolism leads to astrocytic edema. Another hypothesis is that the
hydrolyzation of NAA in oligodendrocytes is essential for myelin synthesis through the supply of acetate. Although there
is currently no curative therapy for CD, dietary supplements are candidates that may retard the progression of the
symptoms associated with CD. Furthermore, gene therapies using viral vectors have been investigated using rat models.
These therapies have been found to be tolerable with no severe long-term adverse effects, reduce the elevated NAA in
the brain, and may be applied to humans in the future.

Key words aspartoacylase, Canavan disease, leukodystrophy, N-acetylaspartic acid, spongy degeneration.

Canavan disease (CD) is an autosomal-recessive progressive subsequent spongy degeneration in the brain,™ but this is now
neurodegenerative disease that belongs to a group of genetic being disputed. Cloning of the human ASPA gene has enabled
disorders recognized as leukodystrophy. CD is neuro- molecular genetic studies of CD.?

pathologically characterized by the swelling and spongy degen-
eration of white matter in the brain. CD was first reported by Clinical course of CD
Canavan in 1931' and was identified as a distinct disease by

Bertrand and Van Bogaert in 19492 Although CD has been Three clinically distinct groups of CD have been identified: (i)
the congenital form with severe symptoms in the first few weeks

of life; (ii) the infantile form, the most common form in which the
disease is apparent by 6 months of age; and (iii) the juvenile
form, in which the disease is apparent by the age of 4 or 5.°
Infants with CD typically appear to be normal in the first few
months of life. Early signs of CD include irritability and hypo-
tonia with poor head control. The common symptoms of CD
include head lag, macrocephaly, hypotonia, ataxia, inadequate
visual tracking, poor sucking ability, and intellectual disabil-
ities.”® In many cases, developmental delays and macrocephaly
become noticeable after 6 months of age. In spite of profound
delays, CD patients can sometimes interact with others, smile,
and reach for objects. CD patients later develop optic atrophy,
and hypotonia of the arms and legs converts to limb stiffness and
spasticity, and axonal hypotonia persists. These patients become
increasingly debilitated with age, often having seizures and being

ily. The long-t i
versity of Tokyo, 6-1-429, Shirokanecho, Shinjuku, Tokyo 162-0816, unable tf) fmove or SW?HOW voluntarily. The 'ong eI Prognosis
Japan. Email: hosinoh-tky @umin.ac.jp of a typical CD case is still poor; death typically occurs before

Received 17 March 2014; revised 30 April 2014; accepted 20 May adolescence, while some patients with milder forms survive
2014. beyond their second decade of life.

~ reported in communities throughout the world, it was shown to be
more prevalent in Ashkenazi (Eastern European) Jewish people.?
The disease has been attributed to a deficiency in aspartoacylase
(ASPA) activity. ASPA is a zinc carboxypeptidase enzyme
that is responsible for the breakdown of aspartic acid or
N-acetylaspartic acid (NAA), the absence of which results in the
accumulation of NAA in the brain. ASPA is normally found in
oligodendrocyte progenitor cells and oligodendrocytes in the
brain, with smaller amounts being reported in microglia and
brainstem neurons. NAA, one of the most prevalent small mol-
ecules in the brain, is hydrolyzed to acetate and aspartate in
oligodendrocytes.*

Many researchers initially believed that the high NAA asso-
ciated with CD led to the impeded production of myelin and
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Fig.1 Chronological features of magnetic resonance imaging (MRI) in a female Japanese Canavan disease patient at (a—d) 15 years and (e,f)
25 years of age. (b,e) T1 and (a,c,d,f) T2-weighted MRI show the involvement of the diffuse white matter, including the corpus callosum and
internal capsule, as well as the (») globus pallidus. The (=) putamen and (> ) caudate nucleus were spared. There are signs of diffuse
cerebral and cerebellum atrophy.

Clinical examination for diagnosis

The specific method currently used to diagnose CD is urine
testing.” CD is caused by a deficiency in ASPA, which hydrolyzes
NAA to aspartate and acetate in the brain. Therefore, urinary
NAA is markedly higher in CD patients, often more than
100-fold, than in normal individuals. Slightly elevated NAA
(approximately 4-6-fold) have been reported in other cases of
leukodystrophy.®! Therefore, this diagnostic procedure is accu-
rate for the screening and chemical diagnosis of CD, with a good
cost—benefit ratio. Genetic testing for the ASPA gene mutation
can also lead to a definite diagnosis of CD. Cultured skin fibro-
blasts were previously shown to manifest this enzyme deficiency,
even in the absence of an ASPA gene mutation.>"” Microscopy
shows spongy degeneration throughout the white matter, demon-
strating vacuole formation in the myelin sheaths, astrocyte swell-
ing, and deformed mitochondria.

© 2014 Japan Pediatric Society
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In neurophysiological examinations, electroencephalograms
can be diffusely slow with paroxysmal features. Evoked poten-
tials are often delayed or absent, whereas the nerve conduction
velocity is typically normal.

Neuroimaging of CD

Computed tomography of the head has shown diffuse
hypodensity in the white matter of the brain, while magnetic
resonance imaging (MRI) showed diffuse cerebral white matter
degeneration. The most severe abnormalities are present in the
subcortical white matter with a mildly swollen aspect, and central
white matter structures, such as the periventricular rim of the
white matter and the internal capsule, are generally preserved.
The central white matter also becomes involved as the disease
progresses, and white matter atrophy has been reported. The
globus pallidus and thalamus are often involved, whereas the



putamen and caudate nucleus are spared, which is characteristic
of CD (Fig. 1)." Nuclear magnetic resonance Spectroscopy
(MRS) has shown that NAA is higher in the brains of CD patients
than in those of normal individuals (Fig. 2)."*

Differential diagnosis

Macrocephaly has been reported in Alexander disease, Tay-
Sachs disease, and other neurodegenerative diseases.
Hydroxymethylglutaric aciduria also leads to macrocephaly and
involvement of the white matter. Spongy degeneration of the
brain can occur with viral encephalitis, mitochondrial disease,
and other metabolic diseases.

Molecular basis of CD

The human ASPA gene, which is localized on the short arm of
chromosome 17 (17p13-ter), was cloned by Kaul ef al. in 1991.7
The human ASPA gene spans 30 kb and contains five introns and
six exons. Over 96% of CD patients among Ashkenazi Jewish
populations have either of two mutations. One is a missense
mutation in codon 285, which causes glutamic acid to be substi-
tuted with alanine (Glu285Ala). The other is a nonsense mutation
on codon 231, which converts tyrosine to a stop codon
(Tyr231X). The carrier frequency of these two mutations among
Ashkenazi Jewish populations has ranged from 1:37 to 1:40, with
a prevalence rate of 1 per 6400~13500 live births.*'¢

Mutations are different and more diverse in non-Jewish
patients. The most common mutation in non-Jewish patients, a
missense mutation that substitutes alanine for glutamic acid
(Al1a305Glu), has been detected in codon 305."

More than 50 mutations have been identified in the human
ASPA gene, most of which are single base pair changes in the

ppm

Fig.2 Features of '"H magnetic resonance spectroscopy in a female
Japanese Canavan disease patient (same as in Fig. 1). The highly
elevated N-acetylaspartic acid (NAA)/choline ratio (6.1; normal
range, 1.0-2.4) was characteristic.
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coding region that typically result in the loss of ASPA enzymatic
activity. While all patients in whom mutations have been detected
have exhibited psychomotor limitations, their onset and severity
varied depending on the specific mutation. '

Japanese case of CD

Our questionnaire survey identified only one CD patient in Japan,
and this is also the only case that has been reported with the
missense mutation 1143T*%* The patient, a woman, is now
26 years old. She had macrocephaly, gross motor development
retardation, and hypotonia since early infancy. She was diag-
nosed with CD at the age of 4. She could not sit alone due to
slowly progressive spastic tetraplegia, but was relatively fre-
quently able to attend school. She had difficulty swallowing at the
age of 17 because of progressive bulbar paralysis, and was sub-
sequently fed via a nasogastric tube. She underwent laparoscopic
anti-reflux surgery for gastroesophageal reflux disease at the age
of 20. Given that the bulbar paralysis is not currently considered
to be severe, she does not require any respiratory devices.
Although the frequency of tonic seizures increased after the age
of 25, levetiracetam has effectively reduced the number of sei-
zures experienced. Figure 1 shows MRI done at the ages of 15
and 25. Subcortical-dominant diffuse white matter was found to
be involved. The anterior part of the corpus callosum was highly
degenerated. The bilateral globus pallidus and thalamus were
also involved, whereas the putamen and caudate nucleus
appeared to be spared. Although there are signs of diffuse brain
atrophy including the cerebellum, the size of the brainstem has
been preserved.

Figure 2 shows MRS of a white matter region at the age of 15.
Consistent with previous studies, high NAA concentration and
elevated NAA/choline ratio were found to be characteristic in the
Japanese patient. Figure 3 shows the " Tc-ethyl cysteinate dimer
single-photon emission computed tomography done at the age of
15. A frontal predominant decrease in cerebral blood flow was
observed.

Possible pathological mechanism responsible
for CD

N-Acetylaspartic acid appears to be synthesized exclusively in
neurons and has been isolated from mitochondrial and
microsomal fractions.” NAA and its related dipeptide N-acetyl-
aspartyl-glutamate (NAAG) are transported from cytoplasm to
the extracellular space by transporters, and NAA is taken up by
oligodendrocytes through a dicarboxylic acid transporter prior to
being hydrolyzed by ASPA (Fig. 4).

N-Acetylaspartic acid serves as a clinical marker of the
neuronal metabolic integrity of the brain. In contrast with the
decrease reported in NAA in many other neurodegenerative dis-
eases, CD is unique because it is associated with elevated NAA in
the brain. A marked rise of NAAG concentration has also been
reported in patients with a Pelizaeus—Merzbacher-like syndrome,
in which there is an absence of myelin** Establishing why
increases in NAA or NAAG lead to white matter degeneration or

© 2014 Japan Pediatric Society
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Fig. 3 *™Tc-ethyl cysteinate dimer single-photon emission com-
puted tomography of a female Japanese Canavan disease patient. The
frontal decrease in cerebral blood flow is characteristic. This was
obtained from the same case as in Figures 1,2.

dysmyelination is very important, but the precise function of
NAA in the development of the central nervous system (CNS)
remains unknown.

Several hypotheses have been proposed to explain the patho-
physiology of CD in the CNS.

First, demyelination may reflect the direct action of NAA on
oligodendrocyte NMDA receptors. No current, however, was
evoked by NAA in oligodendrocytes in a rat study. Therefore, the
action of NAA or NAAG on oligodendrocyte NMDA receptors is
unlikely to be a major contributor to white matter damage.”

Second, NAA may serve as a molecular water pump to
remove metabolic water from mitochondria and neurons through
its hydrolysis into acetate and aspartate by ASPA. This hypoth-
esis corresponds to astrocytic edema and the formation of vacu-
oles in CD as a result of the accumulation of NAA.* A previous
study, however, showed that NAA was non-toxic even at high
concentration,” and no functional improvement was reported in
CD mice even after NAA decreased due to the expression of an
introduced normal ASPA gene.”® An immunohistochemical study

© 2014 Japan Pediatric Society
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Fig. 4 Schematic representation of N-acetylaspartic acid (NAA)
synthesis in neurons and degradation in oligodendrocytes. ACS,
acetyl CoA synthetase; ASPA, aspartoacylase; AspNAT, aspartate
N-acetyltransferase; NAAG, N-acetyl-aspartyl-glutamate; PDH,
pyruvate dehydrogenase; TCA, tricarboxylic acid.

of the Nur7 mouse model of CD showed that aquaporin 4 (AQP4)
was located throughout the cytoplasm in CD mice, but it was
located exclusively in the astrocytic end-feet in control mice.
This indicates that the astroglial regulation of water homeostasis
may be involved in the partial prevention of spongy degeneration,
and AQP4 may be a potential therapeutic target for CD.”

Third, NAA may be essential for lipid synthesis and
myelination in the CNS during the period of postnatal
myelination.”” CD is characterized not only by an increase in
NAA but also by a decrease in acetate and aspartate,'****! and a
reduction in free acetate for lipid synthesis subsequent to the loss
of ASPA function may contribute to the disease etiology.
Spongiform degeneration in CD brains has been attributed to the
failure of NAA to act as an acetate carrier from mitochondria to
the cytosol, leading to impaired lipogenesis.*** Therefore, one of
the main causes of CD may be a decline in acetyl groups in the
absence of ASPA activity. Non-polar and polar lipid levels, criti-
cal for myelin synthesis, were found to 21-38% lower in ASPA
knockout mice than in wild type, whereas other lipids were not
altered significantly.”® Moreover, a reduction of cerebroside and
sulfatide, component glycolipids of myelin in the white matter,
was also reported both in the rat CD model and in human CD
patients. The reduction observed in lipid level, however, may not
have directly correlated with the clinical severity of the disease.
These results suggest that the pathogenesis of CD is not restricted
to a deficiency of acetate.

Fourth, NAA may play an important role in maintaining the
metabolic integrity of oligodendrocytes. Elevation in oxidative
stress markers was shown to precede the loss of oligodendrocytes
and demyelination in the early days following birth.**

Last, besides the role of acetate in myelin formation and
maintenance, acetylation also modulates the function of
nucleosomal histones, which are components of chromatin.
Therefore, a decrease in acetate may alter the expression of
genes considered to be important for the maturation of



“oligodendrocytes.” Although NAA is produced and localized
primarily in neurons,” high NAA concentration has also been
reported also in immature oligodendrocytes. NAA, however, was
not detected in mature oligodendrocytes or astrocytes, which
suggested the important function of ASPA in immature
oligodendrocytes.” In rat cortical cultures, the presence of ASPA
activity as well as the expression of ASPA mRNA and protein
have been reported in non-myelinated oligodendrocytes. '~
Although the direct uptake of NAA by oligodendrocytes has not
yet been reported, axonal transport of NAA has been demon-
strated.”” These findings suggest that the maintenance of myelin
is impaired in the absence of NAA-derived acetate. ASPA plays a
critical role in the maturation of oligodendrocytes and has also
been shown to contribute to the pathophysiology of CD.*
Furthermore, in an adult ASPA knockout mouse study, disrup-
tions have been observed in cell cycle regulation, the acetylated
state of nuclear histones, and continuous neurogenesis in neural
cell progenitors, as well as severe reduction in certain myelin
proteins.” ASPA may be involved in the epigenetic regulation of
myelin mataration and maintenance through the supply of
acetate.

Therapeutic approaches to CD

A therapy that affects the progression of CD has not yet been
established. Seizures need to be controlled by anticonvulsants.
Patients with CD may need nasogastric feeding or feeding by
gastronomy. Acetazolamide was found to be beneficial in reduc-
ing intracranial pressure, but did not reduce white matter swelling
or NAA level.

Dietary supplementation is one of the non-invasive therapies
that have been positively correlated with improvement in NAA
level in CD patients. Lithium citrate decreased whole-brain
NAA in both rat models and human subjects.* More recent
studies noted improved scores in gross motor functioning and
visual tracking in CD patients treated with lithium citrate from
an early age compared to untreated control groups of CD
patients.™ Acetate supplementation represents another potential
therapy for CD that is easy and inexpensive.* Oral treatment
with glyceryl triacetate (GTA) in CD mice led to a 17-fold
increase in acetate in the brain and improved motor function,
while NAA level in the brain was not significantly increased.*
This therapy is now being used in CD patients. Although high-
dose GTA (up to 4.5g/kg per dose) treatment in CD infants
resulted in no improvement in their clinical status, no signifi-
cant side-effects or toxicity were observed. The importance of
earlier intervention has been suggested.” Another possible sup-
plement is triheptanoin, an odd-carbon triglyceride, which is a
dietary anaplerotic substrate that provides ketone bodies
capable of traversing the blood-brain barrier and increasing the
mass of tricarboxylic acid (TCA) cycle intermediates.
Triheptanoin was shown to be effective in the treatment of
mitochondrial oxidation and pyruvate metabolism.** A previ-
ous study reported that interventions with triheptanoin therapy
reduced oxidative stress, promoted long-term survival of
oligodendrocytes, and increased myelin in the brain in the nur7
mouse model.* The novelty of that study lies in the potentially
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anaplerotic substrate, with the aim of supporting TCA cycle
oxidative integrity in addition to fatty acid synthesis during
developmental myelination. The early provision of triheptanoin
as an alternative energetic substrate to the nur7 mouse model
promoted myelination by reducing the metabolic demands
placed on the oxidation of glucose by fatty acid synthesis.
NAA was found to be higher in the brains of neonatal
triheptanoin mice than in control mice, and triheptanoin had no
effect on NAA. NAA is known to have a negative impact on
anti-oxidant defenses; therefore, antioxidants may have thera-
peutic application in CD patients.”'

Several studies recently attempted to use gene therapies for
the treatment of CD. A therapy using adeno-associated virus
(AAV) was used in the tremor rat, a genetic model of CD, and
ASPA activity was subsequently detected in the CNS neurons of
this rat. Although NAA was also reduced in the brain, motor
functions remained unimproved.”

The application of gene therapy for CD currently faces several
challenges. The varied rates of disease progression and small
number of patients have confounded any interpretation of the
effects of this therapy. Moreover, it is difficult to attempt a cohort
study of age-matched or similar-phenotype patients due to vari-
ations in the mutations that cause CD.

Leone et al. reported the findings of a long-term follow up of
gene therapy with an AAV vector carrying the ASPA gene
(AAV2-ASPA) in 13 CD patients.*” Each patient received 9 X 10"
vector genomes via intraparenchymal delivery at six brain infu-
sion sites. The gene therapy was tolerable, no severe long-term
adverse effects were noted, elevated NAA in the brain was
reduced, the progression of brain atrophy was slowed, and
improvements were observed in the frequency of seizures.™
Moreover, neurological examination showed significant
improvement in motor functions in younger cohorts of treated
CD patients, indicating the possible advantage of early therapeu-
tic intervention.”

Conclusion

In addition to the accumulated medical research on CD, parent
and family community support has been increasing. Internet
forum or family websites are also meaningful for CD patients."
The prognosis of childhood CD has gradually improved due to
advances in comprehensive care. Future research will hopefully
facilitate development of a safe and therapeutic approach for CD
patients and improve their quality of life.
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