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BRIEF COMMUNICATIONS

Niemann-Pick Type C
Disease: Accelerated
Neurofibrillary Tangle
Formation and Amyloid
Deposition Associated with
Apolipoprotein E €4

Homozygosity

Yuko Saito, MD, PhD,!? Kinuko Suzuki, MD,?
Eiji Nanba, MD, PhD,?

Toshiyuki Yamamoto, MD, PhD,?

Kousaku Ohno, MD, PhD,*

and Shigeo Murayama, MD, PhD'

Niemann-Pick type C disease is a neurovisceral storage
disorder. Neurofibrillary tangles similar to these in Alz-
heimer’s disease have been reported in most juvenile/
adult patients without amyloid B protein (AB) deposits.
Recently, we found deposits of AR in the form of diffuse
plaques in three (31- and 32-year-old sisters and a 37-
year-old man) of nine Niemann-Pick type C disease pa-
tients, who presented with most severe tauopathy and
with numerous neurofibrillary tangles. Ap deposits were
not detected in any of the control brains of patients
younger than age 42 years. These three patients with AP
deposit all were homozygotes of apolipoprotein E £4.
Our study suggested that NPCI gene mutations com-
bined with homozygosity of apolipoprotein E £4 alleles
could manifest neuropathology similar to that of Alzhei-
mer’s disease, Investigation of these patients may provide
an important clue for understanding the pathogenesis of
Alzheimer'’s disease.

Ann Neurol 2002;52:351-355

Niemann-Pick type C (NPC) disease is an autosomal

recessive neurovisceral storage disorder characterized by
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abnormal intracellular cholesterol trafficking.! Most
cases are caused by a muuation in the NPC-I gene.
More recently, the HEJ gene has been identified as the
second gene® causing the disease. In addition to abnor-
mal lysosomal storage in neurons and glial cells, neu-
rofibrillary tangles (NFTs) were constant features de-
tected in juvenile/adult NPC disease cases. NFT's have
been detected in the brains of NPC disease patients as
young as 10 years of age.* NFTs in NPC disease were
ultrastructurally composed of paired helical filaments
and immunochemically indistinguishable from NFTs
in Alzheimer’s disease (AD).” The burden of NFTs,
however, did not always parallel the patients’ age.?

Recently, an accumulation of amyloid B protein (AB)
was detected in the endosomal fraction of cultured NPC
fibroblasts after blocking cholesterol trafficking.® This
observation prompted us to investigate AR in an ex-
panded series of NPC disease cases with sensitive silver
staining, immunocytochemistry, and electron micros-
copy. We found three cases of nine presenting with
anomalous deposition of AR in the brain, All were in
their 30s and consisted of two sisters of one family and
an unrelated man, showing most severe accumulations
of 7. Sequence analysis of the NPCI gene detected dif-
ferent compound heterozygosity in these two families,
one of each allele having a new muration. Furthermore,
these three cases were found to carry homozygosity of
apolipoprotein E (ApoE) £4 alleles, whereas other NPC
disease cases were not ApoE €4 alleles.

The data presented here suggest that mutation of
NPC1 genes superimposed on apoE €4 homozygosity
may invoke anomalous accumulation of AR as well as
acceleration of tauopathy.

Materials and Methods

Tissue Source

Nine NPC brains, submitted for consultation to the Division
of Neuropathology in the Department of Pathology and
Laboratory Medicine at the University of North Carolina ac
Chapel Hill, were the basis of this work. Clinical histories
and pathological details of Cases 2 and 6 to 9 have been
reported previously.*” Diagnosis was based on cypical clini-
cal and pathological features combined with filipin stain and
abnormal cholesterol esterificarion using cultured fibroblasts.
Frozen tissue was available in seven cases.

Neuropathology ,

Formalin-fixed tissues from various areas of the central ner-
vous system were obtained from all cases with NPC disease
(Table). Large hemispheric sections were prepared in some
cases for the distribution of diffuse plaques (DPs) and NFTs.
Six-micrometer-thick serial sections were stained with solo-
chrome eosin, hematoxylin and eosin, and Kliiver-Barrera,
The silver stains included Bodian, Bielschowsky, modified
methenamine silver, and the Gallyas-Braak method. Congo
red and thioflavin $ stainings were used to detect amyloid.

© 2002 Wiley-Liss, Inc. 351



Table. Genotypic-Phenotypic Correlations of Niemann—Pick Type C Disease

NPCI Gene Murartion

Case

No. Age (yn) Gender Onset (yr) DP NFT/NT Allele 1 Allele 2 ApoE
1 0.75 M 0 - - N/A N/A N/A
2 10 F N/A - + 11061T* £3/e3
3 11 F N/A - + E1189G® G insert in 3134*b° e3/e3
4 31 F N/A ++4 +++ $954L12 R116XP g4/e4
5 32 E 14 +4+ +4++ 8954112 R116X edled
G 32 M 16 ++ P1007A?'  E1189G% £2/e3
7 37 M 10 + NN P1007A%  $357L° e4/ed
8 52 F 26 - +4 G992R?! 4b (ACTT) insert in 3573*b®  £3/e3
9 55 M 51 - ++ N/A N/A N/A
*Sibling.

bNew Mutation.
*sequence position in NPCI cDNA.

DP = diffuse plaque; NFT/NT = neurofibrillary tangles/neuropil threads; ApoE = apolipoprotein E genotype; N/A = not available;

For the immunocytochemical study, an automatic stainer
(20NX; Ventata, Tucson AZ)*” was used. The anti-AB an-
tibodies were used, and their epitopes were as follows: 4G8,
amino acids 17-24 (Senetek, Napa, CA), 12B2, amino acids
11-28 (IBL, Macbashi, Japan), anu-AR 1-42 (polyclonal,
IBL), and anti-AB 1-40 {polyclonal, IBL). The antd-T anti-
bodies were used, and their epitopes were AT8, phosphory-
lated Ser202/Thr205 (Innogenetics, Temse, Belgium), Alz50,
amino zcids 5-51 and 312-322 (a gift from Dr P. Davies},
and paired helical filament 1, Ser396/404 (a gift from Dr P.
Davies). Also used were anti-ubiquitin (Sigma, Glostrup,
Denmark), anti-glial fibrillary acidie protein (GFAP; Sigma),
and anti-HLADR (CD68; Sigma) antibodies,

One hundred thirty-nine control cases from various age
groups were selected randomly from the archives of the De-
partment of Pathology and Laboratory Medicine at the Uni-
versity of North Carolina at Chapel Hill and were stained
with modified methenamine silver and AR 1-42 for the de-
tection of DDs.'® They included 16, 6, 5, 13, and 12 cases
each from the first to fifth decade.

For the ultrastructural study, pieces of formalin-fixed tis-
sues from Cases 3, 5, and 7 were further fixed in half Kar-
novski solution, postfixed in 1% esmium tetroxide, and em-
bedded in epoxy resin. One-micrometer-thick semithin
sections were stained with toluidine blue, and an appropriate
area was trimmed for ultrastructural observation.

Molecular Pathological Study

Genomic DNA was extracted from frozen frontal lobes of
the seven cases (Cases 2-8), and searched for mutations in
NPC! gene as previously reported.’"''? Apolipoprotein E
genotyping was determined by polymerase chain reacdon
and digestion of a restriction enzyme,'® confirmed by se-
quence study.

Results

General Neuropathology

All cases presented with typical neuropathological fea-
tures of NPC disease. Abnormal storage was observed
both in neurons and in glial cells throughout the cere-
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brum, cerebellum, brainstem, and spinal cord. NFTs
were seen in all cases except for Case 1 (9-month-old
male infanr).

Specific Pathology Related to AB

The most abundant NFTs with numerous DPs were
found in the neocortex (Fig, A) of Cases 4 and 5 (ages
31 and 32 years, respectively). The distribution was
widespread, including the frontal, temporal, and pari-
etal cortex. Case 7 (37-year-old man} also had abun-
dant tangles but showed limited numbers of DPs, scat-
tered in the parietal lobe and third temporal gyrus.
These DPs were positive for all anti-Af antibodies used
(see Fig, B). No neuritic components were detected by
silver staining or immunocytochemistry with antd-T an-
tibodies. No amyloid was detected with Congo red or
thioflavin S. Some DPs were associated with swollen
neurons with abnormal storage (see Fig, C). No DP was
detected in other NPC disease cases. Among control
cases, those older than 42 years had definite DPs de-
tected in the valley of the third temporal neocortex.

T-Related Pathology

Case 1 {9-month-old male infant} did not show any
T-immunoreactive structure. However, in Case 2 (10-
year-old girl) and Case 3 (11-year-old boy), NFTs were
detected in the transentorhinal area, together with oli-
godendroglial coiled bodies. NFT-containing neurons
or oligodendroglial coiled body—containing oligoden-
droglias also showed cytoplasmic storage. Neuropil
threads were also abundant in these areas. An accumu-
lation of abnormally phosphorylated T was widespread
in Cases 4, 5, and 7 (see Fig, D and E). The amount
of NFT burden is not age dependent, as it was most
prominent in Cases 4, 5, and 7 (all were in their 30s),
followed by Cases 8 and 9 (ages 52 and 55 years). The
ages of Cases 4 to 6 were similar, but Case 6 had fewer



Fig. Alzheimer-type pathology in a case of Niemann~Pick type C disease with homozygotes of apolipoprotein E &4 (Case 4: 31-year-
old woman). (A) Diffuse plagues (DPs), frequent in the parietal cortex (modified methenamine silver stain; bar = 200pm). (B)
DPs in the frontal cortex, accompanying neurofibrillary tangles (NFTs; arrowheads) and @ neuron with abnormal storage (arrow;
modified methenamine silver stain; bar = 50um). (C) DPs associated with a storage neuron (arrow; immunostaining with 1282
fanti=AB 11-28 monoclonal antibody]; bar = 10pm). (D) v-Immunereactive structures, diffusely present in the entorbinal cortex
(immunostaining with AT8 [antiphosphorylated T amtibody]; bar = 200um). (E) Higher magnification of D, showing AT8 im-
munoreactivity in both a neuron (arcow) and oligodendroglia (arrowheads; bar = 50um). (F) DPs frequently associated with
T-immunoreactive storage neurons (arrow) in the insular cortex (double immunostaining with AT8 [red] and 12B2 [brown]:

bar = 10pum).

NFTs and no DPs (see Table). In two cases, in which
spinal cords were available (Cases 6 and 7)., severe
tauopathy involving neuronal and oligedendroglial
cells, with preponderance in the posterior horn, was
noted. Double immunostaining occasionally demon-
strated DPs around T-immunoreactive ballooned cells
with abnormal storage (see Fig, F). Ultrastructurally,

paired helical filaments were detected in all the exam-
ined cases having NFTs (data not shown).

NPC1 Gere Mutation

The Table summarizes the results of the genotype anal-
ysis of NPCI gene and extent of NFTs and DPs. Cases
4 and 5 show a new mutation, R116X, and Case 7 also
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shows another new muration, $357L. A new four base
(ACTT) insert in 3573 sequence position in NPC1
cDNA was found in Case 8.

ApoE Genotyping
ApoE genotyping is summarized in the Table. All the
cases with Af} deposition were homozygotes of €4 al-

leles, and cases without AR deposition were €3/e3 or
e2/e3 alleles.

Discussion

In this study, we have demonstrated an accumulation
of AB as well as acceleration of tauopathy in three
NPC disease cases carrying £4/e4 alleles.

Among our randomly selected autopsy cases of not-
mal individuals, DPs were seen as early as 42 years of
age. Although the limited tissue source of our controls
hinders further study of their apoE genotype, several
pathological studies examining apoE status totally
agreed with our data.'®'® Only Down syndrome pre-
sented with early deposition of AR, followed by the
appearance of paired helical filament 7. Thus, the ab-
errant deposition of AR in these three cases in their 30s
was interpreted to be an abnormally accelerated depo-
sition. '

Until now, NPC disease has been classified as one of
the diseases causing secondary tauopathy without dep-
osition of AB.>*7'® Qur study showed that homozy-
gosity of ApoEe4 alleles leads to the deposition of AR
and accelerated accumulation of abnormally phosphor-
ylated T in neurons. Because all three cases with AR
deposition carry new mutations of the NPCI gene, it is
still possible that these new mutations may contribute
to the deposition of AB. Obviously, this possibility has
o be further investigated. However, the muration site
of the NPCI gene was not common among them, and
therefore it is more likely that apoE €4 homozygosity is
responsible for the deposition of AR as well as acceler-
ated tauopathy.

ApoE plays 2 major role in the transport of choles-
terol in the brain, and the ApoE €4 allele is known to
be an important risk factor for Alzheimer’s disease.'”
There is a recent report that ApoE €4 allele accelerates
deposition of AR in APPsw transgenic mouse.'? Also,
there are reports thar cholesterol is a risk factor for Alz-
heimer’s disease’ and that reducing cholesterol level
could lead to decreased deposition of AR.?° Therefore,
it is reasonable to speculate that the early appearance of
DPs in some NPC discase cases is influenced by the
ApoE genotype. Qur study may provide new insight
into the formation of NFTs and amyloid or neuritic
plaques. Double transgenic mice carrying mutant
NPCI genes and €4/e4 alleles could be an interesting
model for the investigation of Alzheimer’s disease,
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apart from mice with mutations in APP and/or 7
genes.
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HFLTWAE, BEAIZDOWTYH, SEMLFETCEL
EFIED Plvadt, HREEICDWTII R OER
—(:5%?)12)-

BER Ao B EDHEE S TSCT R T, Dabora
L7, BMEFRGIRE, 2BULERE L XA
BREOHED TSC2ERELEBRLT, TSCIERT
HELHESBEWERELTWS (F2). BomEs
BEHEGEO TSC1 ZRCOREFRFIZ TSC2 TR
HEOEFTHY, B A MOREL TSCI BERTE
{0 FREORRSRBREFEBRLARITHTSCIC
B2y, B Mgy s s s it
WILED KIS LR, S LI RO RE - 25,
Dobora &% 224 ANOEEEEILED 16 L Eox
49 AR5 AL, MDY ¥ AmEERREE £ 8,
ETTSCZIIERZH LT ZOHEI2VWT, #
HERLERESEEDH TRV, ThETolony
¥ M TFEAAIEE 2 A5 LSS g ORETF
BT T, ST TSC2 IS ERMSH 4, 1HiE TSCl
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F2 TSCL F/:1k TSC2 BETICER - OMESOBRERY

AANBHESME H106%

TSCH (n=22) TSC2 (n=129) P
g (G0 g {2—51) 10 (1—44} NS
e A 19/22 (86%) 127/128 {99%) 0.02
IEEE (AT S TR 2/14 (14%) 41/90 (46%) 0.04
BisE LR TF&EH 15/20 (75%) 127/136 (93%) 0.02
T EXRT AT 17 6.7 0.0002
R8s (1o klL) 1/9 (11%) 29/42 (69%) 002
TR 44 129 002
BTR b 3/19 (16%) 307122 (25%) NS
KESOFHROT 0.16 052 0.03
S5 i S U MR A 6719 (31%) 727121 (60%) 003
KESHOFEHAIT 0.32 097 0006
KRB 2021 (95%) 124/128 (97%) NS
A T LR AR 13722 (58%) 95/121 {78%) NS
TR R 5/20 (25%) 267128 (20%) NS
il Ll 2/20 (10%) 51/128 (40%) 001
MRS 0/16 32/117 (27%) 001
B AR A 8/17 (47%) 58/117 (50%) NS
B v CEMAFRIIE (&0, 16 & ELE) 0/5 3717 {18%) NS

11

ILERMSBE SR TWAEYY, £/, Ho) ¥/ MET
R I EREEILENC VWAL RONE Z AT
mbhTwaht, HBEMCEshIROY » g F
WGIEETS, TS KERNBI - Twb I &A1
Lok o TwaWY, T, Mo v imEFEiE
BRRESED TSCT ZRICKHBL T rsC2 ERIS VAR
B Tdh2EERIE . $ 72, Dabora 520 224 Fl4,
LARIAT R oo 5 192 Ak, #BA SN 46 AlS
BRoh, ZoBizTSC CEEEHooflidinwEE
J e bEHIET .

5) E®¥A L

WML O B &£ 7 60% (ETEBICAFEHIELE
DEFL LR (HEPROEE HAORBTHRIIERER
BELEEDEFELONS, L L, Verhoef 5™
MM TIIRR L ALB LU L <L
TEYFA FERTHASNEEL, RLTHTEIEWIE
FHE LA, BYA 2 OFERRETFERY, BEER
EXELBETHL, Yates 5P, BREZMESLSL 3
AOITHTLERHORRZEST L. 3AOFR
TSC2 TR UEREHD, it b MBlicEnX
Rz, ToOEEMNBROLRBROESAL ZIZH
DT &R L. £/, Rose 594, HEIMEE
{LIEDIEEN G VEE» L 2 AoEitE{tEoT &
LMET N THERETNL, SERZRTARANEDLS
HOEFMEIE TSC2 RS ZEFEL, 1K

28

FTTSCI ERVEWA ZIZHEELTwLR I LERL
7:. Kwiatowska 5%, BEOHME O 30% L &
TSC1 D2 EHRER RSBV ZEEL, MEH
K, MR, BUESEL, BHT, ZOBROEEI 0%~
429% X Ry AEHIMEY L S ERE LT 5. il
B I UAERMETO TSC fIZTFOERENF [ 24 E
OREGHETHFETLIPELH»TREWS, BRA
Bl L OREHRPIETRECH 2T, FIZZ
DEWFAL FOEEREDOBTEZTELENDD.

-3, EIRAEEE TR O G

WHENEGEDBER, BNy -H
OREICBHRICAE L B5E, BoLRTREOL SIH
HIRIZE L 256, EARHoRICRERE,CEH
LRSS AnmbRIcEC e, BREL
LCEERS, TRNE, SRBX, G, TRORICASER 3 A-idRRET
HREZE2NEMH 2. BEOBABRTE, £7,
EHEPOSHRWEERTINE LS 1 AOR#EPL
SHHOHEERT I A GHETHL. LA L, HH
HELEORERDLIBEI-GESo2KTRE
L, Fo—-BIcHRE A REIRORECERBL L
TRoIL, SOFTRBZELMITE I LAHEH
B LEORHELERTLIE S kb,

1) AEEERE 2REEREFL



FHMEIIALH

BEEEETIX, »5BEMLHEFOLERLEY
D BB T M (germline mutation=% 1 B O T
F) FALTEIHEE, S5 RRERNOEKMEO
DRBIEC, WEFOREFEERLP4E L (somatic
mutation=E"EBREOER) 12k oT, #0BEHIH
BIZFHENNHETAZ LT, BERENBIA LS
Z LN T &7z, Knudson @ two-hits theory™. #0i,
% OBIEHIEENERT, EERGEFIHL L
D, REBTREETINEERT )L %3 het-
erozygous RIREIZH L DI, BECIEE T I LD
A& (Loss of Heterozygosity, LOH) M L Tw5 =
ERHLPII o BERELEORERLIOL
N B BB T TSCY £ 7213 TSC2 OTF
BTUAMORESEBEZ 2TWE I EPHO ISR
29, HFE R HIRTE R LRSS E T s L
EXHEOFTLOHA L S 54, KAROEN 14
FITRLOHPED AT, MELAXTOELRLEE
RHRE NFTIHIFOHLOHARDIT 6T
5% FLMEMERHEE T 3 Fik 2 ™, B >
SR HIEE i 4 B 3HS I LOH 2 8 T
Vb, SEEETEALEORR, Bk, 4. RoRmaEi
EETIVILVORRILE o TFOBRBZFERIN LTS
Sl TBIABLEEILNL LI ST VA,

2) BEROFERTIREET I LORE (LOW) 2t
ER 3> (RrI Y/ DN

IHIETHOME WELRTOE MR R
MER KR TR TIRIIE AL LOE SR s T
Vigw, 1 o®OTEEE LT, LOH el S h 5B
JRIXE— 50— CHEOHBEDS CHEEL, BRoRE
T, EF#HRPE (RET S0 LOH Atk
ELwu S HE. E2IEROBETIY, Kak
REBBINICAVOTIRRZVHESI TEEY S
L. COMEEEELT, Nida 5 EBEE— 2
O—YHEFEIPALAICTAEL L2, LOH 0k
WRETTEL, EETYAONSWERIZY 2 RS
bR+ 2 -0 OEMARERERE, TETYILO
A F VAL L B RERIEZRITT L 00 AF 4L
B EMAGhETITo/, L Lads, Bokt
MTHHE -7 O—- B REHHLIZLEDG
T, LOH 2o shihniiiichd, TEOTY L%
DEHIET BRIETE L ZFED Lot Ol Ed
L, #HENELEOBBRERREORE, BIRORB
EOREILR, EETVVORERA B8R
BOER (EE7IVORERPRATER) LA ORE

1559~-(17)

BTV BFREEL B o,

=7, VEF LA T {, BRETD TSCL B
FE4 hamartin, T5C2 BIEF Y tuberin O R E %
REMBENRIFT LR TH, SRR
T id hamartin b tuberin  tEHEHETFT L T W
AP0 L, MELEXTOEMMEERIE
KRG EAEH T, REEFEELTVAESR VS
AGLVANVIZRERLTWAZLAHE ST W
B9, BIIKMEMOBEXRS Y TR TR e
BTLTWEW®® foT, HEEHCLANER
HEARETEYORERL (CEREOER 12ka
TEIoTVRARESPRLELTIEEWD,

L 4. TSC = TARE

TSC OREHBETIEHFNBETEESbR T
2. TSC2 i GTP #55EAY rap-l » GTPase-activa-
ting protein (GAP) L RO H 2452 LY, Bz
HEHMT v PO Eker 7 v FOEERE I OBRETF
PEREATHLZ LM XGRS IS
DB T LOH 238 bt s = & H & MEIEEE
FELTEHL LIRS T WS, F72, TSCI 120
T, BIETFELY hamaritin & GTP #HE B Y Rho
DIEHALICESE L, 72 F U EEEHAKETH S Ezrin-
Radixin-Moesin (ERM) 77 3V —&¢#4L, @D
BEMOBEBICEELRE LTI S L9 S iz 8
n, BREOHEEFLLTHIEMREIATVS,

TSCI DRFATH, TSC2 DREATH BRERIz &S0
DEEEDOECIESH o Th, IBIZRFERGERE
REEIT. COBFRICI, TSCI DBEFEY ha
martin & TSC2 JBZFEY tuberin BEAEES %
BELYS, OB fhomiichs+a45%
DEBICH D THLI LB ETREEV R, e
b TSC2 EHEOHAE Av, RIELEET 2 & TSCI
IRHMShBZERMALTVE (HD. -7,
TSCI L TSC2 DFEB B X B3 2T F R, tuberin
& hamartin DFEGHEL(TEEEYTHY, 20
EHORMEEY, BENEEEORELEET LS
EFHLPIRYDDEL. T, COBESMHKIIWL
DPORHESES L, BTy HEkEE
KT RIS 22 Tna,

1} Tuberin % 7213 Hamartin 295 U 7-41H 13 400
RABCEEEET?

MEMEE{EORRRERERRTL LART, b
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TSC2

IF:  IgG TSCl  IgG

s
w0
: H -« TsC1

105 ~

Mr g
(K}

By -« Heavy
chain

IB: TSC1

T HEK293 #if1d 05%NP40 #h i A &, i TSC
VETSC2 &2y bO— N 1gGTRELE
(IP) %17\, LY > 7% SDS/PAGE CRM%E,
WTSCl T Ay »7uy# (IB) L7 TSC1
{130kDa) L TSC1 TRIFLME A2, £ TSC
2TLRERLRIATH D,

feprd 2o — a0 rFOSEEORELR L, HHOM
FAHRT Y, Y avPad o TSC2 BEE
T, MRAREL, SlaaRT2Z k%< DNA
SEAEML, ¢ OBHEELEORESTMR O
BUBERLY, YavPayNIa TSC? ik, DNA
WML ELSYE, MBIIALZOERELTWLEAR
T, b b TSC? LT S MFoH 5T EEE
FRLEY, E6ICyarPda s L Th, TSCI &
TSC2 RERELTEHE, FHEL0ESTHMBABAR
EL, #4272V EEH L7 ¥ ADLAAHMEM
L, 2®% 427 EOQEINTGLEAEHL, 12
Ny A0TSR ENT ZWEENTER
7z. Tuberin @K% T % Eker 5 v + HFEOHBHEFA
falt, vawyawroERMMBEic, AEEY
HETMRVERE SN TV BYH, hamartin DRIFT
AT AHEOMETE, ARMBEITLAEL, ¥
HHITAEAOETICREYH L LR s hTY
wt F e, SEHEBCEORERETSROMR
12, SHIEL, TR ZAENT Y EHES
h, fRAECEREZRL TR EARESRTY
LA, WIBTRONAREEY sy Y a o N T

30

AFENRHEEMEE #1065 115

RohaHRARORERLT LI -FL Ty,

2) Tuberin, hamartin ZHBE O L ICRET 2
7

Tuberin & hamartin @8 5 E B4 o B
BMo#TolMEoboildiil, CoBROHES
HIIHBRCH BT THE, LA L, HlSHE
L RIERIEETIE, tuberin & hamartin & #BLH 5 H
HEL, SClRBECEL2ARICFELTWS T
EHHE SN T 2997, % 72 tuberin % hamartin
LY, 3oV -4, BEREAESEICEEL,
FO—EE ARG FIIHFELY, A —A PRV
¥ —# T TSCITSC2 et Ra B/
FIIHS L TWAIERENRESR TR Y,

ErFAEs v FOMTIE, tuberin & hamartin
i, L, RAWE, BA, BREAOHREILE R
WML, S b@ORETRYIAY - LN TRA
(2% > T3 tuberin & hamartin (F W L AL CHRHE
TAY, FOMOEERTRETFHORRENE WY,
—F 20 BADEEIESS 8O FOMEMTIE, SRR
FENTiE, 3E A L0 hamartin & tuberin 2,
BIZELHETRIEL, ERICE o TEOREENE
bhoLEWPETAHELH A, 72, tuberin & hamar-
tin REE, STORSCHREST, BEOSME,
TR, AP CIIBY L CHEEL, TSCI EAKIL,
AN EERATE A BRI EET A L LR
ENTW5Y,

T iz tuberin XX Fof FEFK7 IV —-LHE
L, tuberin @Y FEE{LICHE- THEICRITTH I LA
ME SN TWAS?, Tuberin b hamartin H BT
FFn, EEBY T FAERzEe. #oT, BICE
F¥aethid, choodFrrxHoEBREREEE
SLTBATA LI ELLRS,

3) Tuberin, hamartin ®{EETHERMRIZED
IIRBENETEH,Y

WEHMELEORRE T, MEEKTOHE X
BB EEED, BEETHAE. BIEFHICIEINODOR
BEETHL, TSCI BLUTSC2 BETOLOHHEI -
TnaHESPHESHTid% v, tuberin, hamartin
DEVETZLIIBERETBILZ LM V2
v, COREIEA O R B EE OB R EEENE N,
BRI AR L BEHEMRST L 2y —@ia L T
haBX (7)) Ml R+ 52, Zhoofizid
GFAP, —a—n YRI5 ¥, 32 VEXER
LEgERofiiv-h—-2RETLEEERT, EL



TH441A 1 A

CAHEEETORE GBI EAVRERTER, £/, &
DEEMOHEIEIZE, 2 RAF R ERMEEmBUR
v—A—HWBIL, REEERRCLE g0
AMECRERRELTWAE I EMNRIATVES,
REBEANTH#ERNEROME= SRS 5 L w-
berin HERE O EAMML, tuberin DT ¥ F ¥ 2
DNA T mRNA # #1513 5 & AR o 5 (e 2530 H)
SRD¥H, MRS L L tuberin, hamartin @8
BBTSHLATIE . 41, TSC2 LEST RS
FEA—A Lt twohybrid ECAZ N —= 2 ¥ L, i
D AIRLYE & F5 T % NADE (p75NTR asso-
ciated cell death excutor) * BEEEEST L L-CTHEH
LUBR & Tw5, BRItk PCI2 LTI,
p75NTR # 4~ L T, NADE-hamartin ¥ & {2 tuberin
PHEL, MERENTF TR, tuberin, hamartin
HFEMT 52 L% RZLTwa, tuberinhamartin #
EHERMENRO Ty, oLy haFrED
L) R THENESLTIPEHLIMILTHLZ
& DB RE LR O X F AL B R o T HE Rk & 19
LITAHLT, BELELITWED,

5. SEEEELED T AP A DB B
DR

EENEEIED QOLIZTADA L MINEEOERE
Bl o TREER SR D, SEEHELED 90% 13
TABAEEHL, ANRHOBEETARATSHS
HITAMA (infantile spasm) BT HEERE L
T, boblbFELEBO12LL-TWwD, itk
FBILEDTAPABREESE, ABEEENLEEZS
NTnE®, SEEMUELEOTATAOEREHE
PICT 5 E B0, KIBEHESE, 2ETAPAR
LTI ERALIIIL T ZELEET
55,

1) EEMRALIE O T A DAL Vigabatrin A58 %h
Thd

Vigabatrin IZ L EROE LW TAD»AFRT, HHH

P YA IvF—OGABA (gamma-aminobutyric
acid) M bE#EE RLEUL, GABA* 4T A8 E
GABATI/ 3R 725—¥2MHL, BH®
GABABE4Y LA SHT, TAPARREL 37D
UEHBENEIHFTEEEZLNTVLEY,

Ailcardi 5%, F—U v ROEFETADPAND Vi-
gabatrin OEMERBR T, SHTADA 192 H 131
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Fl (68.2%) HEHETRL, 20 bhEHHE{EEO N
BTANATIE 28 B 27 7 (96%) AR ERL,
Vigabatrin i385 BB BILEOSBTCAPAIZHGT
HBHEHME LS. F 7421999 4 Hancock & Oshorne™
13, Vigabatrin 2B LASHETANAOTME S £
o, HEEELELS O ER 313 oA 169 F
(54%) THHOIITH L, FHEIETEILE 77 #1973 )
(95%) PERNTHHLHEL, Ldd, ACTHRFD
fEodliF o ABIIHE L, BE~DORIGAT1 AMLL
ATRELRh2ELTWE, F, BEME{LEOLRS
REZLEDE SR THEY,

L L, BELHS, Vigabatrin DRHAT, BL#
40%~50% OIFET, HEHEEFE I EHH LM
24D, ZORBFREIIES RIS LSBT, BT
TAHHEFHOY, B, BATOEMARFITIRT
Vi,

4, Vigabatrin 255 B B{LED M TAPAR
BATAPARECEDREEZRTOPASHCITE
v, BARETOFRMECKREC, FHEBIEDE
ROBOEERELREIL LIRS RECLEYTHS
CEYhE, BEBRASI LI TAPARNE S
Vigabatrin A ThH DI H B, REBHEFE
(cortical dysplasia) &, KMEEHEOREEZRL,
ZL{OERFBBLTWE. ThoohT, Btk
BV RA L BERT S EENEHEERTE (Focal
cortical dysplasia, FCD) {Z Taylor's balloon cell type
(FCDbe} &MEiEH, MRI-Flair B{EC, BETHAEI
BIROBEESZRL, RELNIEABEEOILR
EREHELEOEXR (F U 7B E L 7 —
YHIRAHIRT S LS, HEIMTEE - oEDS
PIEE ST A, BT, IO Taylor s balloon cell
type OEBABETE2TIE, TSC BIEFOEENFD
BREBFBLTVDIEARENSY, BFTADA
DEHE & % % ganglioglioma 13 TSC2 OEE NS L&
2, TSCl ZEEAS Taylor' s ballon cell type @R
HERMIBEST A LEIMARERN LS. oh
HOHED S, Vigabatrin ¥ERE Sh3BHTAD
ADTAPAEEESIRBERICLRLTH 28
HAH 5.

2) KERERSOTADPANES TR T 55F

BEEEILEDNORBEE LR TS (FCD) ©
12, TR & 7 G WA 3T 5 2 LT APAR
BEBMET 2L 2RENDHZ. CoEHEOD 212,



1562-(20)

YT 3 /BEEHRTH S NMDA E8#F 72
=y FEOHEEHEZ LA, SR ERAORE
HEEAREAEOREMEMETENL TS I M
BWHEXNTWEYY, Crino 5%, HHHE/LED
EESEHIFAUEBIIL T, BEHoTEE TA S
ABRMESAERENRL EEZ, E{lgmbo L
(microdissection ) £ WT, 1 2OREHEHIE
(dysplastic neurons} % BE.X {7V 7) 12 (giant cells)
DOEEET 3 EBEESL LU GABA S51#
mRNA OREBEBRI L. TORE, BRAEMRT
Erns 24 v Z85EY 7229 F (GluR 3, 4, 6) &
NMDA ##& 47 2=» b (NR2B, 20) &%, EX#
Bocit NMDA FEMEY 7= v F (NR2D) @ mRENA
AL, GABA £F4¥ 722 v F{GABAAR al,
o2)mRNA RETLTWwAZ E2RWwFLA 202
Lid, HESHEEETLIBEERME, BEX (7Y
T) LIRS S T A ERORS L BTN
FASEEOEMIZL - T, AEHFET o KB
HHTETTARPARIEEERTATRELRLTY
5. Lad, BEMEEE, EX (FU7) oK
7 I BEEFROREE Y-V EERY, 202
HEEOMBETAPARECE 2 - ABREL LTWE
Wit £ L Twa.

6 BbhC

BIMERERER, REMEEOBRWRIEFET, DR
HEHNERTLRENZCAONBEETHS, Bib
BTAPADREIR S, HHREORHLE,
EEBEN 12 ETONTWE, £RE (&) T,
B 0 M TR R IR IR A2 B0 ) S I SE R SRR
WIBHEVFERELADLRWEEND. MEFHED
B X B BREN R EORE TR L AR L BSEH O
TADPARBREGERO T LER TAPABRD
REBMFINTW S,

CORFACTHE L FZAOMET— s 0—8I2, ELFE
ERE R & (B 2RI s THR) 1R I8 B B RE E o 3
TR IS AR (HI2—E—018, H12—2 2 %—009],
4 FHEETL R MBI & (U AR RO BT TR R R IE
BHOH L WEFEORRE L B ERICAT 2%
(EEffRs KEED) OWMbEEis.
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