R E LD

o FREEMHTHLNEMLRE

E&EZLEMHELTNS

o HRIDIBIENAFFERCIFIEL/IRRE

o HRANRFELIREICILNS

®  SA-B-galactosidase & (TPF1E

ML SECTER

1. BEZEEQO%), BB{EAR R

2. REBEODTOATOREA. RE

ENERR TS, MBRMEREN A&, TAAT HSEEBRIFEL VoD,

FELTOAT RPELSEDIES B ES &R,

XUZMRA TS, BRILREN MEL, TOATROPRNO,
FLREREROFAENHRE/LZS ST,

RD2DODBEFICEB LT, HERBETESHRZ(LICONWTRANK

Chk2 : DNAEBEICIGEL CTHIRREERZHIE T2 B LB R,
EIHEGFELTHONTINS,
ZDBEGFOEEL. AODOS%ICHLN, HEDURIH
W3fEEmT 22 EMESNTINS,

Radl8 : BEREMEEZEENIT FDREBGEFEY THAESTEBZ
BRBZREHHTIAEFF O SAT—R,

FAUL=#lifE D & |

wild-type (WT) #H#z

RAD18-/- #flifz

Chk2-/- #fiRa

Chk2-/- RAD18-/- #fifza
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SA-B-gal £ &EIZk5, HifaZLDHE

Chk2-/- Chk2-/-Rad18-/-

Population doublings
(=] N o~ =3 d

20% EE%&

4 8

20%E4 3% £ T, Chk2-/-Rad18-/-fla(Z. fthDFHELUS R <HIR
ZADNEIY, F3%HRETHHBZELHON,

2 16 20
Time (days)

HHRREiE LM E(

-o- WT

—o- Rad18-/-

3 Chk2-/-

@ Chk2-/-Rad18-/-

Population doublings
— NN WD W s
[SYnr=Tnt=iht=te]

3% BEZE

0 10 20 30 40 50 60

Time (days)

DNAD#ERNRIAE LT HEFEB AN )18,
HRZESSRECIBERTHDE, RIBSN TS,

BRI ZDPEZDEE
o REHRTGFDRIICLD, DNABRDITHE
o GrichfeF7a L BRI VB TODNAE &
® DNASEEINTI\SEEDESR

® DNAWEE ST INUICLHERIRE

BRI ZDOBIE; DNAT7A/N—ER

IdU

CldU

P=0.004
P =2.2e-05
1
: P =0.004

n 218 93 177 127

Median| 093 087 085 0.76
=
=
:

WT  Rad18-/- Chk2-/- Chk2-/-

Chk2-/-Rad18-/-#Hf2 T3, FFAERHRRCLERT
BHEIZR AL TV,

Rad18-/-
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COHKRTIE, BRI R EIML TV,
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SHREEHG TEAUEEENZEZSNS,

Contributors

RMAE AL
EEEFRATIH
AR B AR SR

BEAKRF FEERFMAM
BEHEENT

A (HRIEE
3k BREB (CS%'/ LfRHR)

ZEARFREREZRARE

REARKE RAERPFIRR
BEETOT A SO RGBE

B E N

IR RE (ipsHRA1ERR) 24 A (DNATZ7A/8—)

12.3.24



27 A D FENR B D AR fREE
RIEFATR . B LMD EES
rEEFﬁJL.G)ﬁfF*ﬁ-

Cockayne (2774 V) NhEfitE
DR, X Firay v
RN ZE DR

() RRBEFAREBRAR
ELDRTOD U
M IR
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TR, 8L DfiERRER RO
R

R R R AR AR
MIERE-BE
RS

Cockayne  Skin Changes or  J§ Vascular or Other
case Study/Year/case 1D Cachexia__Facies Malignancies Medical Problems
1 Miyauchi et al/1994/case2 (Sib of case 2) No No UV sensitive, freckled
5 iitive, dry, _—
CockayneJi:fEREITII T o oo
’]“ my___‘, " iitive, freckled :o . i
lypertension, renal failure
lﬁ[ﬁ]’ E’ ﬁ E o) ﬁg*ﬁ iitive Dysphagia, elevated i
6 This case Yes Yes  Mildly UV sensitive Atherosclerosis, dysphagia
7 Paddison et al/1963/case5; Yes — UV sensitive Early atherosclerosis
Moosy/ 1965 (cousin of case 12)

8 Shirasaki et al/1986 Yes ——  Dry, pigmented, frecklelj L ICA+R MCA stenosis;
aneurysm R ICA
hyperlipoproteinemia

9 Kennedy et al/1980 Yes Yes UV sensitive

10 Fryns et al/1991 Yes Yes Dysphagia

11 Shemen et al/1984 Yes Yes _ Mild aortic atherosclerosis

12 Paddison et al/1963/case3 (cousin of case 7)  Yes — ——

13 Unpublished Yes Yes Dysphagia

14 Crome and Kanjilal/1971 Yes Yes UV sensitive Atheroma: minimal systemic,
extensive intracranial

15 Nance and Berry/1992 Yes Yes UV sensitive, dry, Hepatomegaly, diarrhea

scaly in exposed areas [ elevated liver function tests

16 Brumback et al/1978/CS2BE Yes Yes

— = no information; ICA = internal carotid artery; L = left; MCA = middle cerebral artery; R = right; UV =
ultraviolet

Rapin I, et al. Cockayne syndrome in adults: review with clinical and
pathologic study of a new case. J Child Neurol 2006;21:991-1006

CockaynefEARREIZ#5 115 E BEE— K (N=42)

CockaynefE & 3% HY EL B
SeHA e 3245 25 645 76.2%
& TFRERE DR 3251 1451 ofl 76.2%
B8R 425 ofl offl  100.0%
A S 4231 ofsl offl  100.0%
FENELI- B 2845 545 97l 66.7%
j=E v 23451 645 13451 54.8%
KEGE 295 145 124 69.0%
RerEL=B 1748 1 2341 40.5%
NER 255 8l o5 59.5%
el 274 95l 545 64.3%
P D 35451 ] 645 83.3%
KMFT/— 1143 44 265) 26.2%
- . R 1645 647 1945 38.1%
NRE SN [ 7 87 0> =T Wk il AR 3445 249 445 81.0%
Tffﬁj“"‘" ;J@ mﬂﬁkﬁ s 2769 648 85 643%
L pk & Bl ) - =Ll 1745 64 1845 40.5%
H ’FE % ﬂf‘? ;é*—%ﬁ%lf = PR 204 4t 1748 47.6%
E JFg= H LT TR 1445 1445 1345 33.3%
ng—émﬁ" [? %ﬁr@ SE '3 643 24 33451 14.3%
B Ay
& =t (% D 2 ) . % 1541 345 2345 35.7%

10z TThrombosis 1431

(BHFRIAIIEH) 1NT CRAEEMTNOE 15

11 TR T miE 145

1993 137 CHEBFOE 1)
;mﬂﬁ‘ BRELICRET AL RHNBAH
BIME 4]
BRE 3l

Veuropathology 2011; ee, ee—ee doi:10.1111/.1440-1789.2011.01241.x
Original Article
Brain vascular changes in Cockayne syndrome

Masaharu Hayashi,' Naho Miwa-Saito,' Naoyuki Tanuma' and Masaya Kubota®

‘Department of Brain D P and Neural ion, Tokyo Institute of Medical Science and
‘Department of Neurology. Nat 1 Center for Child Health and Development. Tokyo, J
<o sorvec -

M«
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Cockayne (2774 V) hEfEht
DERRE, P2 FnLay v
RN DB

(B RREEFR AR
ZELORTOD IO
R

J Clin Sleep Med
2008;4(1):66-69.
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- ﬁ Y (aMTés) 13HIE—
£ 7%, RETIEY
31500 J)rorELTHERSN
& 1000 TWLBA, BARTIERGE
= DETHENRE SN T

=
ssssssssszzg 2010FXT vz
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aMT6s(ng/mg Cre)
- N N
83 8 &

0

o

o
*

50 * o ®

(3 S S e L] o0 . .
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R DaMTosfE IZ SR EfEZ R L, BE TR
ALV ER D DI, e TR L7,
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200+ p=0.0003
[ 1
150 -
.l
1004
-l
.
_-..—_
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aMT6s (ng/mg Cre.)

Control XP-A cs

iz 7 5 A8 (8~327%) & D FEHJaMTésfiE D Lhifig
T3, XPHEEIMBDOIFME (24.5) 1Z8WMIHDME (41.3) X
DIRWEZ R L7228, BEERETIE ol

BRI VU 2 LB 2 XP-A L b S IR 3 CSHE
B DT (19.2) (Z8RHIHOME (41.3) X hAEEICETL
T/ (Mann-Whitneyfiip<0.01)

RETREEDES

BURTEIEER GE=IE OMIBE) IcfizE L, HEH
&R L N WHERE 2 FAICERET LT 5, 158D, 14
W, Z2iE - e (B - BEAEEZ) . koK - Vasopressin
sy (s b)) . MEESLVE W, HETE -
Gonadotropin7yith (HZRHIRZ) . RN (s |
) . BEIRD PR DAET 5,

MR TEEST (CLY ., BEMEER. KRRAHES (X
B - R DRRE - BIRE. ZBIKER) RO E-
AR &) LInSE - PARIEFR BRIE . FEARILEY
PMEE(BRREES. BEHRRE - BRE) . MIREE
MNHIET B,

1. HBERES THACS®:y b7 —7 ) Ol %215 Tl
IR - IR R IR T 2 7 v — P B R EM L,
4 ~31HED10BI TORE R 2 ERZF L 72,

2. CS4HIH (7~355%) & RHOER T T, MAP2,
GFAP, Acetylcholinesterase (AchE) , Tyrosine
hydroxylase (TH) , Calbindin D28K (CD) , Vasopressin

(VP) ,OrexinA (OxA) 72 EICRT 2 Gkl g
o (SafEgetn) %A,

3. PR - REEEFLERIC & ) REMMERRAERE (C BB 2 5 & 15
OB (PPN) ISP LT, CSHEIMHTMAP2,
GFAP, AchE. TH. CDIZR9 3 ffEfuta % fifT L 72,

=7 4 AEEREDIEIRICIE T 5 7 > — |
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Age/
Sex

4/M
5/F
6/F

7™
9/M
10/F
12/F
21/M
31/F

31/F

Motor
ability

Walk
with support

with support
Walk

with support
Walk

with support
Creep

Creep

Sit

Wheel chair
Wheel chair

‘Wheel chair

Deaf- Blind- Bed-

Dess ness fime
I# L# 19:00
20:00
2+ 1+ 20:00
21:00
2+ 1+ 20:00
21:00
(&) 1+ 21:00
22:00
2+ 1+ 21:00
22:00
2+ 1+ 23:00
0:00
2+ 2# 23:00
3:00
2+ 1+ 20:00
22:00
1+ 1+ 19:00 7:i
20:00
1+ 1+ 19:00
20:00

Rise Nap

fme  (day)
6:00 1
7:00

6:00 1
7:00

7:00 1-2
10:00

6:00 1
7:00

6:00 1
7:00

7:.00 1
8:00

4:00 1
9:00

6:00 0-1
8:00

7:00  0-1
8:00

700 1
8:00

Sleep
problems
©)
Daytime

drowsiness
Hard to wake up

Hard to sleep
and wake up
Frequent arousal
during sleep
Excitement in
sleep
Excitement in
sleep

Thermal
dysregulation

©
Hypothermia
Frequent fever
Poikilothermia
Poikilothermia

Hypothermia

Fever responding
to environment
Fever responding
to environment

©)
©)

Poor
peripheral
circulation
©)

1+

©

1+

2+

1+

i3

1065+ 7 B AR RS (EEiAE, (KAE.,
HZEDEE) DA ST,

S 5z 1069 6 fil CHERRRESE (H R olRA.
AR - R R IR R o R R A 35E]A]
MEAREFE ComE) Mook (F1)

10651+ 4 B -C U Al A 77 P 55 & MR PR 23
LT\ 7z,

I BWEERE L FRRIC, KD 6 OFIEHLD
TIC L) RS FHBICRES AR N W &
HER L 72,

i1}

IMZEfEIC S22 53, TH * CD » VPHfHIZ L D
N & AR I B, SR B, IENERZ, A4
P23 E S 41, IENIIRZ ICOxAPZIERIIE & 3R
N7, GFAPRGIET A Fat A MiginL Tuwi
otz, NIRRT OFEIHEE X N B R %
X 4HlE b IN TRz,

18 BTERIER 8% TR AL | 2

THH:( OxA%:ft
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Age/  Thermal Sleep Cause of Brain
Sex dysregulation problem death weight
1 7y/F  Hypothermia “) Pneumonia 260¢g
2 18y/M Hypothermia “) Asthma status 400g
3 18y/M Hypothermia () Renal failure 414g
4 35y/F Frequentfever Insomnia Neuroleptic 810g
malignant syndrome
Meynertf% 7 € )L 2 V) #EEDSIHA LT 7z,
Calbindin-D28K Tyrosine Vaso-
AchE Hypo- hydroxylase pressin  Orexin
NbM NbM thalamus SO PV VM Lat VM
1 0O ) VM WA 2+ 1+ 1+ 2+
2 0 2+ SO,PV,Lat 2+ 2+ 1+ I+ 1+
3.0 2+ 0 1+ 1+ 1+ nA (&)
4 () © 0 L2 wA 165

Calbindin-D28K Tyrosine hydroxylase
Nucleus of Paraven- Paraven- Supra- Ventro-
Meynert  tricularis tricularis opticus  medial

19y/Male 2 N N N N
19y/Male 2- (w/A) /A) m/A) N
21y/Male N N N (m/A) N
23y/Female 2- m/A) @/A) N (w/A)
24y/Female 1- N N N N
26y/Female 1- w/A) (w/A) N N

XP-AfFN T S . A & ARk,
Calbindin-D28K ¥4t 12 & O Z %584, Tyrosine
hydroxylase ¢tz & O S 658%, #iR %, 8
Wiz 232 2 gl S iz,

7T FNay gt (AchN)

PPNIFEE#R -HREKEZNTLK
ki B LB H& L . REMBERR
. R, ST

NE(:E&’J}?%O
5
)

AR #HEE R AChNIX, Meynert#%
FOmMNEESMBmAS, PPNE T
mibES BEICAREND, N

oo FLIRHA ~ 4075 5 0D 34
0 = PPN TI&. MAP2[S 1 ###%
£ xo | MR BIE244+456—F
I it ] [omarz] AchN  29+10%
04 1 6 20 29 38 CAN 10+£5%
Age GABAI 11+7%
45
o]
35/: B
30 B
25
20 = =
15
10
5
VOACTE %TH %CD

12.3.24



2HIDOPPNT, MAP2FG M MFEHIAL & AchND
A, GFAPREMET A F A b DEEINAAS

ﬂ‘/":o MAP2 AchE  %AchE TH %TH CD %CD
Controls 243 41) 68 (16) 29(9) 25(13) 10(5) 277 11(6)
(n=6, 4m-38y)
Cockayne 124 27) 1 (1) 11 1965) 15(¢6) 19(7) 1;6@)
(n=4, 7-35y)

FLHLER

1. WEAEEE sl I RIREREI R E 2 M L 72, 5
[\l 1061 (4~315%) DFI357 D200 TR
Pz L MRS E 2 R 72, CSTIIFH EED
NFETEHS, TEFEERE ., TEREKR LT VEE
S TR R, AT PV IMET & &
HE AR D EEIEE I N7z,

KR TFESTORBERG TR, AR EME R
MR AIET S 2 EMNTE, TEMEKRL
EVWCEBEZRD LI EEAEL T
o

o

s e
: : A e, I O
29 L PE RIS B i 2% B PEXP-A B Gl

AchEZ(1 [SEE— B AchEj:(%

Sl g

PPND p‘l %%H",]’d Controls XP-A W'hitn-ey test

(Mean+SD)  (Mean+SD) (p value)

Microtubule associated protein 2 244+44.5 9616 <0.01
Acetylcholine esterase 68.2+18 0 <0.01
(%) 29496 0.2+0.4 <0.01
Tyrosine hydroxylase 24.8+14.6 34828 <0.01
(%) 10.2+4.8 33825 <0.05 .
Calbindin-D28K 26.8+18.2 20£12 ns Brain Dev
(%) 10.7+6.9 20.1£12.3 ns (in press)

3. XP-A L [FfRIC, Meynerth% & IHIRE % 254

(PPN) O 7t F )L a ) vkt (AchN) 259
HLTw7z, PPNTIX. MAP2FZI R
DI, GFAPRHIET A a4 kDM
A 672 h3, THRMECANIZER 72T/,

PPNJHZ [ ZREMHER 12 528 % [ 13 9 Al HE

WRHH, A7 = VauMET E EDIT, CS
BEOMERZ EOMH Y X LAEFICEIS LT
W3 EHEESI N, £z, Meynertf%AchNiZ
HIfE L BT 2 DT, AchNJRZ DS HITIREE
WEHE LT 2 A[REE D E 2 6 e,
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resvee

@ Cockayne SEfEH (CS) BHBREBHRFMEEEKEATSHY, HAEIX 100 5A
KWIABELIhGERETH . ‘
@ FE, DNA BEBED—OTH A X7 LEF FREBHEEE, LLEE
LB LA DNABEOBRETHE I LPHELNMIRo TWA.
o JERAYICIZRE, A, BER, BAEBREER, RKHE, K
BEEELEESHLRERTZEL, FHESHREBHILRETH S.

ofEd, BEEMEEROEEEICIY, HAM (18) LEERN Q) &
WA SR TS, EE, LYVEECTREFHOEC IBOMESLE
NnNTn5n L2,
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aCSO3IREET@ICTLDH5.
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eRBHESB L UKRHE, EEW B EHEEENSREICEESNS CS
DEBRELFE - ORFEOFRECHBET LI LIIRTEETH 5.
eHABEZEUCABRAEKOBEE L 2EYE, BILUTKEMEEEICL 5H%E
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Cockayne FEIREFDEBNFIE l 171
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° R B IO ENRBRINHRB TERZELED 5. O SRS R
UMM LR R @I LD 5.

BIGTFE2

®CS D T5%%S ERCC6 DERTHY, 320 25%H ERCCE DERTH 5.
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1) #HE3LE. Cockayne SEEBOEKAR. EFEDDHWH 2005 ; 214 1 209-11.

2) Neilan EG. Cockayne syndrome. GENE Reviews (http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi
?book=gene&part=cockayne)

3) Iwasaki S, Kaga K. Chronogical changes of auditory brainstem responses in Cockayne’s syndrome.
Int J Pediatr Otorhinolaryngol 1994 ; 30 : 211-21.
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LETTERS TO THE EDITOR 2265

Choreo-Ballistic Movements in a Case
Carrying a Missense Mutation in Syntaxin
Binding Protein 1 Gene

Video

Early infantile epileptic encephalopathy (EIEE), also
called Ohtahara syndrome, is an epileptic syndrome charac-
terized with seizure onset within the first 2 to 3 months after
birth, tonic spasms in an isolated form or in a series, suppres-
sion-bursts on the electroencephalography (EEG), and poor
prognosis with severe mental and motor retardation. The syn-
drome is often associated with structural brain damage. A
few cases with metabolic disorders have also been reported.’
Some cases are cryptogenic in which genetic factors may be
involved.® Recently, syntaxin binding protein 1 (STXBPI)
mutations were identified in individuals with cryptogenic
EIEE.® We describe a case of EIEE, carrying a missense
mutation in STXBPI, who developed severe choreo-ballism.

A 10-year-old boy was admitted to our hospital with the
chief complaint of severe automatic involuntary movements
(AlMs). The parents and the 2 siblings were healthy, and
there was no family history of AIMs. The patient had no
perinatal complications. He developed EIEE 2 months after
birth, which evolved into West syndrome. He continued to
have frequent tonic seizures and started to manifest vigorous
AlMs at the age of 5 years. Seizures and AIMs were intracta-
ble, and he had to be placed on high-dose phenobarbital. He
showed profound psychomotor developmental delay.

Paroxysmal AIMs, involving the face, neck, and extrem-
ities were repeated at short intervals in the awake state (Sup-
porting Information Video), never appearing during sleep.
The AIMs showed a stereotypical pattern. Quick orofacial
movements, such as grimacing and mouth opening, and ab-
rupt head rotations were observed. The AIMs in his extrem-
ities were proximally dominant and flinging with torsive
components. Jerky flexion and extension of the fingers,
wrists, and toes were also observed. The AIMs were induced
by tactile stimuli and were suppressed when a part of his
body, such as the upper or lower extremities, was wrapped
with cloth. The nature of his AIMs was consistent with
choreo-ballism. EEGs in the sleep (Fig. 1A) and awake
(Fig. 1B) states showed continuous multifocal spikes and
spike-wave complexes, maximal in bilateral occipital, and
posterior temporal areas. No change in electrical activity was
observed preceding or during the AIMs (Fig. 1B). Tc99m
ECD single-photon emission computed tomography in the
awake state showed a decreased uptake of Tc99m in the
bilateral frontotemporal lobes, both with and without AIMs.
No increase in Tc99m uptake was observed with AIMs in the
cingulate gyrus or in other areas. These results confirmed

Additional Supporting Information may be found in the online
version of this article.

Financial disclosure: Nothing to report.

Potential conflict of interest: Nothing to report.

Published online 18 August 2010 in Wiley Online Library
(wileyonlinelibrary.com). DOI: 10.1002/mds.23164
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FIG. 1. A: Sleep EEGs. B: EEGs in the awake state with surface electromyography. EEGs in the awake state showed no change in electrical

activity, whether it was accompanied by AIMs or not. Sensitivity 20 uV/m

that his AlMs were not epileptic seizures, including those
originating from the cingulate cortex.

Brain MRI showed no structural anomalies. Blood chemis-
try, lactate and pyruvate in blood and cerebrospinal fluid
(CSF), amino acids in plasma and urine, and organic acids in
urine, lysosomal enzyme activities, and chromosome G-banding
were within normal limits. CSF analysis including homovanillic
acid, 5-hydroxyindolacetic acid, and methoxyhydroxyphenylgly-
col showed no abnormalities. Ophthalmological examinations
were normal. The case was considered as a cryplogenic BIEE.

Movement Disorders, Vol. 25, No. 13, 2010

m. AV, average.

However, he has recently been shown to have a heterozygous
missense mutation 251T— A(V84D) in STXBPI, at 9q34.1 1.2
STXBP1, a neuronal Secl/Munc-18 protein, controls
fusion between synaptic vesicles and the presynaptic plasma
membrane and plays a central role in synaptic neurotransmit-
ter release.” In 2008, defects in STXBP/ were identified in 5
mdxvxduah with cr yptogemc EIEE, including the present
case.” Hamdan et al.” subsequently identified mutations in
STXBP! in 2 patients with severe mental retardation (MR)
and non-EIEE epilepsy. Impaired synaptic vesicle rclease
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caused by STXBPI haploinsufficiency is speculated to con-
tribute to the pathogenesis of epilepsy and MR,

The present case is remarkable because he developed vigor-
ous choreo-ballism subsequent to EIEE. Such severe AIMs in
an.EIEE case have not been previously reported, and no
movement disorders including choreo-ballism were recognized
in the other 4 cases reported by Saxtsu et al.>® Interestingly,
the 2 cases reported by Hamdan et al.,’ however, manifested
diffuse tremor.’ The pathogenesis of chorea and ballism is
considered to involve dysfunction of the indirect pathway in
the motor loop, wfuch connects the basal ganglia, thalamus,
and motor cortex.” The dysfunction of the motor loop includ-
ing the basal ganglia has also been associated with the patho-
genesis of tremor. As the pathways are regulated by excitatory
and inhibitory neurotransmitters, such as dopamine, glutamate,
and GABA, aberrant neurotransmitter release caused by
STXBPI mutations may well be a cause of basal ganglia disor-
ders as well as epilepsy and MR. The observation in the pres-
ent case, however, is not a final proof of causality. The clini-
cal features of STXBPI mutations have not been determined
due to a limited number of cases reported. This disorder, how-
ever, may give an important clue to the common molecular
pathophysiology of epilepsy, MR, and basal ganglia diseases.

Legends to the Video

The AIMs start in the left fingers and spread to the face,
neck, and extremities. The AIMs of the extremities are of a
flinging nature with torsive components. They stereotypically
repeat at short intervals.
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Brain vascular changes in Cockayne syndrome
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Cockayne syndrome (CS) and xeroderma pigmentosum
(XP) are caused by deficient nucleotide excision repair. CS
is characterized by cachectic dwarfism, mental disability,
microcephaly and progeria features. Neuropathological
examination of CS patients reveals dysmyelination and
basal ganglia calcification. In addition, arteriosclerosis in
the brain and subdural hemorrhage have been reported in
a few CS cases. Herein, we performed elastica van Gieson
(EVG) staining and immunohistochemistry for collagen
type IV, CD34 and aquaporin 4 to evaluate the brain
vessels in autopsy cases of CS, XP group A (XP-A) and
controls. Small arteries without arteriosclerosis in the sub-
arachnoid space had increased in CS cases but not in either
XP-A cases or controls. In addition, string vessels (twisted
capillaries) in the cerebral white matter and increased
density of CD34-immunoreactive vessels were observed in
CS cases. Immunohistochemistry findings for aquaporin 4
indicated no pathological changes in either CS or XP-A
cases. Hence, the increased subarachnoid artery space may
have caused subdural hemorrhage. Since such vascular
changes were not observed in XP-A cases, the increased
density of vessels in CS cases was not caused by brain
atrophy. Hence, brain vascular changes may be involved in
neurological disturbances in CS.

Key words: brain vessels, CD34, Cockayne syndrome,
immunohistochemistry, xeroderma pigmentosum.

INTRODUCTION

Cockayne syndrome (CS) is a rare genetic disorder caused
by deficient nucleotide excision repair (NER), and it is
characterized by cachectic dwarfism, mental disability,
microcephaly, cerebellar ataxia, retinal pigmentation, and
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neural deafness.’ Neuropathological findings of CS patients
show small cerebrum, tigroid leukoencephalopathy (dys-
myelination), basal ganglia calcification, cerebellar atrophy
and demyelinating peripheral neuropathy.? Many features
of CS resemble those of premature aging, and hence, CS is
considered as a progeroid syndrome.’> Nancy and Berry
divided 140 published cases into three types: type I, the
most prevalent classical childhood disorder; type 11, an
infrequent, severe congenital, or infantile variant of the
disorder; type III, atypical late onset of the disorder with
prolonged survival.*

Xeroderma pigmentosum (XP) is an inherited neurocu-
taneous disorder caused by defects in the NER system.!
Complementation studies using cell hybridization assays
revealed the existence of eight genes in XP (groups A~-G
and a variant) and two in CS (A and B). NER includes
global genome repair and transcription-coupled repair
(TCR), which involves several XP genes (especially XP-A
to XP-G) and two CS genes (CSA and CSB). In XP, the
initial presentations are skin symptoms and progressive
neurological manifestations, including cognitive and motor
deterioration, neuronal deafness, peripheral neuropathy
and brain atrophy, mainly in XP-A, XP-B, XP-D and XP-G
cases.” The molecular basis of CS includes recessive muta-
tions in CSA (CKNI or ERCCS8) and CSB (CKN2 or
ERCC6) genes, but it has not been systematically mapped
to the clinical phenotypes. We investigated neurodegenera-
tion in autopsy cases of CS and XP-A.?

Arteriosclerosis in the brain® and cerebral vascular dis-
orders have been reported in a few cases.® In order to
characterize the brain vascular changes in CS, we compared
the immunohistochemical changes in the brain vessels
between CS cases and XP-A cases as disease controls.

MATERIALS AND METHODS

Subjects

The clinical study comprised five cases of clinically
and genetically confirmed CS, six cases of clinically and



Table 1 Summary of brain vascular changes in subjects

M Hayashi et al.

Subject Age Sex Cause of death Brain Increase of Twisted Density of CD34-
(years) weight  subarachnoid capillaries immunoreactive vessels
(g) small arteries .in the Frontal Temporal
white matter  yfe0p (SD)  Mean (SD)
Controls
1 9 Male Acute leukemia N/A =) -) 29 (2) 21 (5)
2 13 Male Chronic hepatitis n/A -) -) 31 (1) N/A
3 16 Male Pneumonia 1505 -) -) 29 (3) 25 (1)
4 20 Male Malignant hyperthermia N/A =) -) 26 (2) 25 (5)
5 29 Female  Guilain-Barre syndrome N/A ) -) 38 (3) 33 (6)
6 36 Female  Thrombotic thrombocytopenic 1475 ) -) 37 () 30 (4)
purpura
7 47 Male Acute leukemia 1400 -) -) 35(5) 38 (3)
8 55 Male Lung cancer N/A =) -) 38 (3) 36 (4)
9 60 Female  Breast cancer 1080 -) ) 41 (7) 43 (4)
10 71 Male Lung cancer N/A =) (=) 49 (3) 41 (4)
Cockayne syndrome
1 7 Female  Pneumonia 295 1+ 1+ 44 (4) 41 (2)
2 15 Male Renal failure 340 1+ 1+ 45 (4) 43 (4)
3 16 Female  Asthma 615 1+ ) 48 (6) N/A
4 18 Male Renal failure 400 1+ 1+ 53 (5) 49 (5)
5 18 Male Renal failure 414 1+ 1+ 44 (5) 45 (4)
Xeroderma pigmentosum group A
1 19 Male Candidiasis 580 ) -) 28(7) 26 (3)
2 19 Male Renal failure 610 =) ) 29 (11) 27 (2)
3 21 Male Pneumonia 720 =) (=) 28 (3) 28 (2)
4 23 Female  Pneumonia 580 =) -) 32 (2) 30 (3)
S 24 Female  Pneumonia 500 =) =) 394 38 (4)
6 26 Female  Pneumonia 530 ) =) 39 (3) 38 (4)

N/A, not assessed.

genetically confirmed XP-A, and 10 controls without
any pathological changes in the CNS, aged 9-71 years
(Table 1). The clinical and pathological findings in the CS
cases 1-4 and XP-A cases 1-2 and 4-6 were reported pre-
viously.” The study was approved by the ethical committee
of Tokyo Metropolitan Institute of Medical Science;
informed consent was obtained from the patients’ families
before performing post mortem analyses.

Histochemistry and immunohistochemistry

The brains were fixed in buffered formalin solution;
coronal sections of each formalin-fixed brain sample were
cut and embedded in paraffin. Serial 6-um-thick sections
were cut from selected brain regions, including the superior
frontal cortex, middle temporal cortex, basal ganglia and
thalamus. HE staining and elastica van Gieson (EVG)
staining were performed. After microwave antigen
retrieval, each section was treated with CD34 (Nichirei,
Tokyo, Japan) and rabbit polyclonal antibody to aquaporin
4 (AQP4; Santa Cruz Biotech, Santa Cruz, CA, USA).
Each section was pretreated with proteinase K and mouse
monoclonal antibody to collagen type IV (Col4: Sigma-
Aldrich, St Louis, MO, USA). The antibody concentrations
used for analysis were as follows: 1:1 (CD34), 1:100
(AQP4) and 1:500 (Col4). Antibody binding was visualized

by means of the avidin-biotin immunoperoxidase complex
method (Nichirei, Tokyo, Japan) according to the manufac-
turer’s protocol.

Quantitative evaluation and data analysis

To determine the densities of the immunoreactive vessels,
including arteries, veins and capillaries in the superior
frontal cortex and middle temporal cortex, we determined
the numbers of vessels immunoreactive for CD34 in five
nonoverlapping microscopic subfields at 200-fold magnifi-
cation by using a counting box (0.5 mm?). Data were pre-
sented as mean (SD) and analyzed by nonparametric
Mann-Whitney U-test to compare the results in different
subjects. The level of significance was set at P <0.05 to
adjust for comparisons.

RESULTS

The results of HE and EVG staining and immunohis-
tochemistry suggested that only CS patients had increased
small arteries and arterioles in the subarachnoid space
filled with fibrotic tissue and without arteriosclerosis
(Table 1 and Fig. 1A). Further, small twisted and longitu-
dinally running capillaries in cerebral white matter were
observed in 4/5 CS patients but were not found in the brain

© 2011 Japanese Society of Neuropathology



