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" Biochemical, Molecular Genetic and Ecogenetic Studies of
Polymorphic Arylamine N-acetyltransferase (NAT2) in the Brain

Masanobu OGawa

Department of Clinical Genetics (Director : Prof. T. Suzukz) Medical Institute of Bioregulation,
Kyushu University, 4546 Tsummzham Beppu 874- 0838, Japan

Abstract Polymorphic arylamine N-acetyltransferase (NAT?2) is a detoxification enzyme in the
liver. The activity of this enzyme differs for each individual. The difference of this enzyme
activity is determined by the polymorphism of this enzyme which is known as N-acetylation
polymorphism, and is a representative pharmacogenetic trait. The expression of NAT?2 is also
seen in brain tissue. However, its role has yet to be elucidated.

To clarify the role of NAT2 in the brain, I prepared recombinant NAT2 and examined

whether or not .L-kynurenine could be an endogenous. substrate of NAT2. The spectro-
photometric and high performance liquid chromatography analyses of the product of the acetyla-
tion reaction using the recombinant enzyme revealed that no N acetylkynurenme was produced
g by NAT? from L-kynurenine. :
“The topographical expressmn of NAT? in the bram was examined by the @ situ hybridiza-
* tion technique. Hybridization was done usihg seéven digoxigenin-labeled oligonucleotide probes
on fresh' frozen sections and on paraffin embedded sections of adult rat brain tissue. Though
strong signals were observed on the nerve cells and ependym cells, no signals were detected on the
glial cells and blood vessels. This finding suggests that the nerve cell-specific endogenous
substrate of NAT?2 thus exists in the brain, and that the exogenous arylamines are metabolized
in ependym.

Furthermore, the ecogenetic association of NAT2 and Alzheimer disease (AD) was assessed
using the polymerase chain reaction-based restriction fragment length polymorphism technique
for NAT2 genotyping. These results revealed the frequency of rapid acetylator phenotype to
increase in the non-apoE &4 carriers of late-onset AD (The odds ratio was 3.0, the 95% confidence
interval was 1.3-7.3). This finding suggests that NAT2 polymorphism is one of the risk modify-
ing factor for late-onset AD in non-apoE &4 carriers.
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BMicBirs58HE7YV7 3 NAT 119

Eh, FOERIZI>TEL S N-7T 2 FEHEIX
EYRBFEOEALZLREL TB D, RERRER
WERETH 220292 NAT 2 185, EENTIE
ERLAVEZEL BN TRET AT IVDERTY
vEEBEELTWS (Fig.1). £FRNicis30E2
DFVNT Y N-7 e FLVEEBRESK, Thbb#
BT VT 2 ¥ N-7 & F VEERES (NAT 1) 28
FET Y, REREPEERFRAEVNR R > T w3,
NAT 2 OEEIZIE, 7 3/ 5% b OEES, #2134
VEFIR, LRSIV, FusL YT IR, =
NIENL, A7 x4, ANVT7H IOV BN
T7 2Bz b 085, £z, TINVTE
VOHIZRRY YV UR 2T I )TNV YD E D

WHEHBEEPHEEEEET2000% <, AYPERE

BRMBE L L CERRIERYAENIZZ S LB,
T2 NAT 2 0B HIZ, REREPHEEMEERE
B2 L OBENELRTFEI N, £BEEENCHEE
X&%&) *C 1Y Z, 17)29)34)18)44)4).

NAT 213, FgEofhe B, Ng, K&, 28R, &
5, 0h, B, FE, JIEZES < ORI bR
RonTw30m, 25 LIBSROHR TS, R s
I % R EREE D, Bz B 5 NAT 215 20
EUESPRVENI EPRESIN TS HOD, %
DEBPBRENIHE S B TRR Y, SSeEREOREI
BELTWwW3 ZERNTFEING—F, MEKEMORF
EEELHbERGE, NREEREOFEELEZLSN
23920 NAT 2 BRC BWT, ZOFRMONEMEE
B, »30iISREEEORBICES L, #RORRE
S ELYEZ THWBIENEZIOND,

EEI13, MB35 NAT 2 %S 2 #HT 2 BN
T, $F NAT2 ONRBEFOEHE LTI Y 7 b
7 7 REOFERFHED TCHZ L-FX1v =" (L-
KYN) (Fig.2)® w&HL, NAT 2 OfiA#az AEH
EHEBLC, N-TEFAFIVZVOERIZDNT

H /COCHa

/
N Arylamine N
NH  NAT NH
—- +CoA
R Acetyl CoA R

Arylamine Acetylated amine

Fig. 1 Acetylation of arylamine by NAT.

MET LTz, &7z, v MHEBICB T 5 NAT OFHR
DR nsitu A TN A ¥ —Y a TRELE, &
Bz, FEIZ N-7 2 F VLB EBRZNE 2 E
LTWwa EHESNIMEFREL LTI VYN, v —

R (AD)®® R D B, NAT2 OBETFRI 1>

21 & - CHiE O BN b 4 BB 2 I R L.
IRSOREICE D ESNEEEED LT, Mos
L NAT2 DBIECDODWTEEERITo DO THRET 3,

X BR F &

L-#xb=> (L-KYN) O N-7+&FIit

A AR NAT OFES
HIRBERERAT 2HHARATE LS A~ =Xz & 58 Y
A - EERMG (PCR) T k>T 4 FED NAT
cDNA 45y, THBLBETZYNTINVTNFALT &V
NAT 7o —> A-1 (EC2.3.1.87 ; GenBank acces-
sion U 01343, NATI*13), v b 7 Y A7 & > NAT
7 w—> B-7 (EC2.3.1.5; GenBank accession

- U 01348, NAT2*2I), £t VEEIMEET VL7 & > NAT

7 u—>D-24 (EC2.3.1.5; GenBank accession
J 05255, NATI*5), & BT Y7 2 > NAT 7
o —> D-14 (EC2.3.1.5; GenBank accession

.. J 05255, NAT2*7B)® e iz EIY L 7 GEEF

e ik Vatsis 5 12 & 2 BB ETLED -
72.). ERBHICERAF YUY T2 E5T 2 L5 0H
sahkFE~2 ¥ —TH5% PROEx™ HT FHs 2
5 . (GIBCO BRL, Cat. No. 10711-018) iz cDNA
BHAAR, AV E—% Y FRIBETH S DH5e 2
Bl l:, ZOXBE% LB-7 > Ev Y Y (Amp)
ERBEHC S %, BONIRE— BRI I —DF A
7=y a VERL DRI ORISR E L 7T
A< —%2F7z PCRIZHT, BUERESDA v H—
FOFESEE NIz 7 u— > % LB-Amp EEHi TEEER L 72,
EEEAIODHME LSS Z 3 F2EIRERUEL T
NAT #EFOA % — b EREH L, 20Xl
THESN: NAT #FEARBE 2 LB-Amp T &
U, IPTG 4LE 1 3 R TH A E B, S5 i r L
Lz kg% = 7 V-NTG VY vk 5 ATHER, Ha
#1 2 A NAT % EIY U 7. BT L 72 % B 1 SDS-
PAGE iz & - THFREHR L2,
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Fig. 2 Kynurenine pathway.
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The supposed formation of N -acetylkynurenine is indicated by a dotted arrow.

EEEMORER

EUXL7-ZEH2EERER L L, NAT OEERER
PHERT Bz, NTT7 I REER (PABA), Anv
TP ATV (SMZ), p-T 23 F Y, TahALUT
IR, PYFYIUBEEBEELTN-TEFVEE
B R B Z 7257z, Andres 5 DEIEED ETE, 7V
VT 2 O Schiff's base R & % 450 nm Bt % #]
EL, FOBPET v FNLOEEL LTHIBUR.

7 e F LD &R, RIGEE® (20mM Tris-
HCl, pHS8.0, 20°C, 1mM EDTA, 1mM Y 5% =
DAY b= (DTE),50 yM 7 ==V A FIVANT %
= T7NF YR, 0pgM aA 7FF )& 10ng/
ml CHERUBEELulic, 7UVT7 S VER

(225 mM Tris-HCl, 4.5mM EDTA, 4.5mM DTE,

22.5mM 72 F VY VB, 2.25U/ml KRAK b R
7 ¥ F 7 —¥ (Boehringer Mannheim, Cat. No. 525
995), 0.5-1.0mM 7UNLT7 V) 220ul, 1mM7
X F N CoA % 20 ul fiZ, 37°CT 1 B4 ¥ F 2 _—
varveli, 20%Y 27 o VEREE% 50 xl iNZ K
BEELE, BLELEBERZEGCHELL. BARKIGE,
500l D5 % (W/V) P RAFNVT L I2RVATNVTE R
(72 b= MDYV NVEER) M CELL, FRTI10 45
A vF 2=t Lk, RIEDOKE, 7tF I CoA 2iz
Hipot b D% 7T Y s £ LT 450 nm O HIE

Ll 7 FALRRRRAC & D RD T,

(ODssonn 7 5 > 77-ODssonm ¥ > 7 ) X 12.8X 105/ 4
V¥ ar—v g UEEE (4 (nmol/min/ml)?®
%7, FEREOERS L- KYNR2EBL L TEIk>
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7z,

EE&EE 02 b 457 14— (high performance

liquid chromatography ; HPLC) 4%k

HPLC 43#fi%, H37%! L-6200 Intelligent Pump, L-
4200 UV-VIS Detector, D-2500 Chromato-Inte-
grator KX B ¥ AT LT, A7 AhI1E Wakopak Wa-
kosil-II5 C 18 RS (F1)¢, AIfE 4.6 mm, 150 mm) %
R, BEBIEZ0.1% Y 714 aff (72 =1
WVBEAIED 0 — 4096/40 43), #&HE UV 260 nm O
MHIETB o7, L-KYN 2&8E L ¢, §iiod &
ST FMERIEEB ol RIGEIER, &l
L, 20O LiEE %L, 20«1l 2 HPLC izt L7z, AL
HMIZERENI N-7XFVv*F X v =& Na-7 &
FNFRVZV BT I MMEOERE L TRV, K
IR I ERR 24 e & CHEER L 72,

BizE133 NAT2 04 %

YA O/ER

B#SD v bR —F VKRBT ICHEEL, BHL
7B, XEEBIZY T F VeV R VB (DEPC)
WEKTH, 5 mm BIZHEYIL, WEERIC XD 2H
BRELY:, YT a—MUWELEATA RIIR i
5um EOH ST 2ER L, TR 13 65°CO
wy NPV — b ETEBRLEE, RKEEDEZ LN
S— MRy 7 ARANT—80CCIREL 2., FRFIZ S
N ) SEER, 8T 7 4 EBUTTR YESIL,
3TPCT—MEEB R ¥ izt, TV 87— bRy 7 AR
P '
7’0—7DER5

NAT2* 21 x5 5 TREEOT7 Y F A4V T
X7VvAFRTIu—T 2R ELR (Fig.3)., £7u—

713 31-38bp DRETHWCERET 5WPH 2R/ T,

NATI*13 OFFICxt LT 25% U ED S A=y F %
BY 2 Lo ERFs i, zhzhest U THEBN
ZEFI Ry A0 —7 L LTHELL. AL,
NATI*13 extd 54V T X7vAF Fru—73%
fE&IL 7., DIGA YV ITX I VAEF R T4 YT Fy
b (Boehringer Mannheim, Cat. No. 1417 231) *H
W3 T YRGB ESoTY T F Y F = -
dAUTP S _VEBZ 2o b D2 T OEBRICH
V2. 7a— 7 OREMEIR, NAT1,2 D cDNA 2 7oy

FLIEFAQ ATV ENTENAL T YT A ¥ —
Ya ko THERL. )

RNA REE DK

AFART IR U BB 2HEEL,
ISOGEN (= v #>¥—, Cat. No. 311-02501) iz
THEL, RNA 2HiH U7z, 2O RNA ¥ > Fuhs
FUTLTTAR—EAWTHEERB I ko,
NAT 2 ® mRNA & > CTHEMNICHIRT % 203bp
@ DNA #3835 & 512 5 FEBIFREEIR & BIERAEER
ERBELLESIA—2 BT, EHEE 92°C, 7
==V Y 7RE 55°C, HRKIGRE 74°C, 30 91 7 v
TPCR %28 Z7% 57 (Astec, PC-700). PCR EMiZ,
2% 7 A0 — AT NVEKIKEN 21T > THERR L 7z,
insitu/\4 7Y 54 E-—>ar
KRERBEETIA L~ ) YEENT 7 4 EIEY)
FE2AWTERD 70— T in situ {4 7Y 54
Y¥—vavkBIlixolk., 774 YYRE, Fyv
YT 10 REBL TS T 74 v Uiz, 9% %
J=NVTFYVIREVBEL, BT 9%, 90%,
70%, 30%D LY/ —Nic & D BRIEEAEL 72,
DEPC LA TH - 2t, 707 7 —¥ KiEw (1 ug/
1ml &% 3 & 3z 100 mM Tris-HCI, 50 mM EDTA
BRTHRL, 37CT30sMBECHELL) T3rC,
5-30 SFEALEE L -, 4LEEf%, DEPC ALEKTEL %
VW, 4 % RTERNVAT AT E BT 10 SHEBREEE2{To
7z. DEPC LBk T¥Evy, LT, IEXR 70%, 90%, 99%
LY =M & D BRI R TT S, HEZL IR, N1
TN I =y a iUz, BEYIA IOV TRET
WEZB I 2bT, EENA TVFA Y-y a it
L7z,

NA T T4 ¥ =y a VBEROMERKIE, 4 XSSC,
50%HRNVAT IR, WBEATTFANT Y, 1XT

Y=} ¥, 100 pg/ml ¥ 7 f&-F DNA, 250 pg/ml

tRNA, 100 x#g/ml poly A, 5 pg/mlpoly dA, 10-100
ng/ml 7 —7& L7%, 37°CT 16 R4 >~ F 2 X—
v a rET, 4 XSSCIZTERTOMREE: 155/,
2ElE R, 42°CIZHIR L7z 1 XSSC T 154
M, 2EBEEHEL, WERBET VA VET 3 X7 7

I —VEBFY IF S U L 3 RAaREET]

F U 7z (Boehringer Mannheim, Cat. No.1 093
657). T HbbHYIF 2EE®K 1 (100 mM Tris-HCI,



122 /N
150 mM NaCl, pH 7.5, 20°C) CHE< ¥E\>, BEK 2
(TuyFr7HE05% 3L CBERLCE
BTN T oy ¥ BB IR0, TAAVKE
T xR 78— IR T & v = PR (150
mU/ml 1272 % & 5 BEE 1 THR) T60494 > ¥Fa
NR— b L7, BEK 1 T 10 40 2 Bk - 72, BER
3 (100mM Tris-HCI, 100 mM NaCl, 50 mM
MgCl,, pH9.5, 20°C) T54f4 v Far— bl
%, REBKT0%4-=raTV—F bV )V LE
DY AFNKENVAT I REHK 45 pl & 50 mg/ml 5-
Bib-4-41-3-A Y F—NY VB I VA P =T LD
P RAFNIRNVLT & FER 35 ul % 10 ml DEEHK 3
MLz b0) wBL, BFT—MHHEas e, &
YR 4 (10 mM Tris-HCl, 1mM EDTA, pHS8.0,
2°0C) THREERELIE, JYVAFI LTV
(biomeda co., Cat. No. M 02) THAL, FEHEL 7.

FIyng7—4% (AD) 28133 N-7EF LS

i

R

FRERER BRI 222 LT 80 ZOMEEFED R
WHAAD AD BE 2xi®R e Lz, AD OZ#i,

i

NINCDS-ADRDA O MiEEHIcE T\ Tk 87z,

FRAEROFIEERIC L - C, MR EER LIS
U7z, WStk AD i3 60 LI RIEL /- 53 4 (B
M54, ZoM 48 4, TIYFIEFE 73.5£6.8 ) T,
20355 13 L REELI X > T AD OREZH %
Zile, HEMEAD X 60 RRMIIFRE L2274 (B

114, o164, FHRESERS2.425.5%) T,

Probe No.
B4
B6
B7

B9
B10

B4

B2

=
=

e
H

10 ZBiREEINIC & 2RERW 220 . SRR E
Bz EAN 257 & (BH 175 4, LM 824, THER
51.0+6.8%%) Th 3, iy

N-7EFNLSBOBREFERIIELS

A T7x—LFarer O, RWEIMEHEERL,
BBk E Y SDS-7 =/ — iz &k V5 2 A DNA %
i L7239, AD B& D DNA > Vv O—Ei%, 36
%, B L v S vz, BRCiRE Lo RV wED
%, PCRWCX Y NAT2 % HES 559 bp ZHEIRE L,
HIFREEE Asp 718, BamHI, Tagl 2 X Y ZEWHILL
12.4.5% 7 F o — A5 NVEKKENZ T DNA A %43

HEL, IR ESEIZ LD NAT?2 ORETE » e

sequences (5°to 3°)
AACCCAGCATCAACAATGTAGTCCTTTCCAC
CCACTGCTGTACTTATTGGCTGGAGTGTTAAAG
TTCAGTTAATTCTTCCAAGTCCAGTTTGTTCCTG
'"TCCCCGCAATGGATGTTCAAGTTTTCAAAGG
TCACAACTTGATCAAAGATGACTTCTAAATTCAGCTC
GTCTGCAAGGAACAAAATGATTTACTTGTAAACAAGGA
CTATAAGTG AGGGTGGAGCCAACCAAACAGT

L7, 20L& LTRD sShi-BETE D & RER
BHE LIz, Thbb, BETFE NAT2*4/*4 % BaR
#, NAT2*4/*5B, NAT2*4/*6A, NAT2*4/*7B
% th i B, NAT2*5B/*5B, NAT2*5B/*6A,
NAT2*5B/*7B, NAT2*6A/*6A, NAT2*6A/*
7B, NAT2*7B/*7B »@ER L L7z,

7R)FEEBEE (ApoE) 447

FEEDNA > 72 HwT, Wenham & @750
bZEO’b)“C ApoE DEGFRIA X T R2B %>

. T7&bb, PCRIZX>T227bp @ DNA % #5ig

L, %UKEE%$ Hhal THAEL,20% RV 727U 7 S F
FNVESIKENC L D DNAKE 2 458EL, UKFRS
B & BEFHEREL 2.

KRt AV BRI

ﬁﬁ%@ﬁﬁ@i XREXZ E-2TB IR,
0.5 2FE=bD L7, Ay Xid2 X2 %%J%m
TEIFE LT,

B9 B10

F—f

NAT2*2]

p—

Fig. 3 Probes used for i situ hybridization.
The sequences of the seven probes are shown. Their positions on
NAT2*21 are indicated by bars.
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5 ES

L-¥#2v=>r (L-KYN) O N-7H&Fnit
HARAE NAT OFR r EERHEMORER
VIOUH T Ao TEIILzE b NAT BERIER
DEBEREMES Table 1 1277, NAT1, NAT 2
FOEBL b 7ahA4 7 I ReEEr UTERRE
HDO% L > TH%E, NAT1 Tk PABA, NAT?2
T SMZ R ZEETH B 2 B bholz, T
DOFERBLATCME I N T WA EL OBEROIE R
P39 L —HLTBY, HARZEEENERICTHE,
BEELTwa eEzonk., Ty M OlABZEES
EOWTHRIRCEERFERLEOER 2B I ko
Jz201018) (5 & )

L-KYN 2&EE & LT, BHREOZ(EEZEHEL /1225,
B pRBIZR s o7 (Table 1),

HPLC &%k

HPLC 2817 % L-KYN OFEER] (RT) 11 16.5
& N-72FNVFX =D RT I318.045, Na-7
XFVFX V=D RT I 25.45TH ot (Fig. 4A,
C,D). LKYN ##E L L7-EBRIBWT, N -7 %
FUFXV=ORTKHEYST 2HEICE—27 A
WS hikhot: (Fig. 4B). EEELIE N -7 F
WFEX V=R, ZORESEMFIZE LT, 20 pmol 2T
BMHEFRETH > 7. 7 F VIERIGE DO RECII,
RT=20 /N3 — 2 BSHB L8, ZniE7 %
FMERIEBROETDIZn~ N 77 ACHEL, &5
CEEEZMZZW DICOHET LD, 7TEFNV
COATHETZ2E—2ThoEFz Nz,

Bl=& 133 NAT 2 09

#EE PCR (reverse transcriptase-PCR ; RT-

PCR)

GRS » S L, ##E5%, PCR 28 2%k -
72 RNA YV INEZBWT, 2R%7 T2 —A T VESR
WENZ L o T, FPHINBEAKEE(203bp) DN K28
MWZRIn/: (Fig.5), FHEEEBIxbiEProlzbd

RT=16.51"
A RT=16.46 B 4
L V\J\//\RI‘:ZO.S:;
020 30 0 20 30
C RT=18.06 D RT=25.39
e o 2030

Fig. 4 HPLC chromatograms of kynurenines.
A. L-kynurenine
B. kynurenine after acetylation reaction
C. N -acetylkynurenine
D. Na-acetylkynurenine
Neither N‘—acetylkynurenine nor Na-
acetylkynurenine were observed in the sam-
ple B.

Table 1 Substrate specificity of recombinant N-acetyltransferases expressed from the cDNA of the

human liver

N-acetyltransferase activity (X10* nmol/ng/min)

cDNA Procaineamide »-Aminobenzoic Sulfamethazine Kynurenine
expressed
1.52 >8.86 0.14
NAT2 €)) (=>5.82) (0.09)
3.17 1.64 0.15
NATI 1 (=3.04) (0.52) (0.05)

NAT?2 : human polymorphic NAT clone D14, NAT2*7B
NAT1: human monomorphic NAT clone D24, NATI*5
The ratios of the acetylation rate to that for procaineamide are indicated in parentheses.
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210bp =g
162bp =

Im

uly

amplified NAT2
fragment (203bp)

Fig. 5 The RT-PCR products from extracted mRNA.

1. Marker
3. mRNA from a brain section, RT (+)

2. mRNA from a brain section, RT (—)

4. positive control (PCR product from cDNA)

An amplified NAT2 fragment was only observed in lanes 3 and 4.

TR IO/ FIEHEE T, RNAHKRDO NN FTH
5 ENTmENTL,

insitunn{7Y)54€—>3 >

Bk B 2 BZE T, Al 0 AL O7F
B—zy 7B o, FNERD Y 7 Fvid,
FINRER B O FFfe Bt <, FRoC iR 2 o I
FEIWEADIA Sz, v 7 VIR O #IE
HY, BTz H e Neh -7z (Fig. 6A). Y % RNase
MELZD, JVLTuignw/a—7%2Hnws 2 &
WWEkoT, 2oy 7 FvidiEk Lz (Fig. 6B). Mk
= HAE S Kupffer fifdiciz > 7 7 Vi o s h ik
moiz,

BB 3 insitu N4 7V ¥ A ¥ —v 3 >TlE, 3
YR B W T, WEOERMILE, RiMEEOM
AR, IME BRI EE > 7 vt R S Tz (Fig.
7A,B,C). —7, RKIMEEES L > 7 F s ehn
7eh, ZOY Iy Ao —72RAGIEEIR
bR L (F—53E1%).

T 7 4 YYIFICB LTI, EOERME, b
F RIS 7 F RS S, M PR
fa, MEMTOY 7 Fidds s o iz (Fig. TE,

DT TR AR S RN AR PR T o s AT N

A : Hybridized with antisense probes. x 60

F).
oDy 7 ik, Y@ RNase MU, KT~
NOTa—TEREWS Z ETHE LK (Fig. 7D).
NAT 1 &2 7a—7%2AuicGE b FEEORK
RThote (F—FEE).

FILyng<—5% (AD) & NAT 2 28 r ORgE M

ADHEH LI e —LVBRCB T2 N-T 2 F L
(B2 BUOHEE B 0 4347 & I IEHE T4 % Table
2WRY. a3y bu—VEEOSHIE, HRANZB W TH
EZINTVLEHMIT—EL TE DM, Fin—
T 4-TA4 T ORI CH STz, A b a—L
B EmoFEME, FEMELIThO ADBEOMTY, RKR
B S NTEEFHEECOVEREIED Sk
Mol Ric, MEMEAD DV A7 7775 —L&h
TWwd ApoE ed DFEOHEICHEL Tz 5B 2
Tote, ZOWRE%L Table 3 IR d. ApoE ¢4 ODFH
FIZBWTIE, FBERHC»r»b ST,
DM TRHFELSMCEREEZLRD o7,

Iy hua—)v
L2

L, ApoE e4 JFEZEDOEIC B LTI, BiFME AD ©
BECTRERIORBAEI NG W I Laibhho e,

ZDEIZ

B: Negative control. X 60

Fig. 6 In situ hybridization for NAT2 in the rat liver.
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E . Hippocampus. x120

F: Lateral ventricle. X120

Fig. 7 In situ hybridization for NAT2 in the rat brain.

A-D: Fresh frozen sections.

BT L RER I, PR, BERORFIHERT
F v XEEAS 3.0 AL Tz (95%EHEKA (95%
CD) 1.3-7.3), HEEADETIE, Z0F v XthoE
MmixBEE s ol (Fvy X 1.4, 95%
CI0.5-3.7).

= 2

N-7 2 F MbL B EBERF B R E W E

E and F: Paraffin embedded sections.

ThH DD, FEVMEHPFEELERENEORH OB S
»5, HECBT 2BZ0ERFEI» D CEE»EZ
0 200193932) - Z DAL D ER I 3B 1T B Z O & DHFFEIE
FEAERENTWEPST, KIZB1T2 NAT20
FIRZ, FOFEHOEELoINEEDLL ST, BE
BZAREO7 VLT S v 2HEBEEL, =2—ua>dD
BEED 2 WIZ Z N RPN 2 L CEEAHE RHE
v, B 5RO TSR BT 3 5 B M R HE
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Table 2 Acetylator genotype, predicted phenotype and allele frequency of NATZ2 in the patients
with Alzheimer’s disease (AD) and controls.

Controls Late-onset AD Early-onset AD
Acetylator phenotype Genotype =257 (%) n=53 (%) n=27 (%)
Rapid NAT2*4/*4 111 (43.2) 30 (56.6) 10 (37.0)
Intermediate NAT2*4/*5B 3 117 0 16 1 14
NAT2*4/*6A 79 (45.5) 8 (30.2) 7 (51.9)
NAT2*4/*7B 35 ’ 8 ’ 6 ’
Slow NAT2*5B/*5B 0 0 0
NAT2*5B/*6A 4 1 0
NAT2*5B/*7B 3 29 0 7 0 3
NAT2*6A/*6A 12 (11.3) 3 (13.2) 2 1Ly
NAT2*6A/*7B 7 2 1
NAT2*7B/*7B 3 1 0
Allele frequency
NAT2*4 0.660 0.717 0.630
NAT2*5B 0.019 0.009 0.019
NATZ2*6A 0.222 0.160 0.222
NAT2*7B 0.099 0.113 0.130

No significant differences were observed between the controls and either group of AD.

Table 3 The distributions of the acetylator phenotype in the late-onset AD, early-onset AD patients
and the controls divided into carriers or non-carriers of the apoFE &4 allele.

non-&4 carrier &4 carrier
Acetylator phenotype
Controls  Late-onset AD Early-onset AD  Controls  Late-onset AD Early-onset AD
Rapid 90 18* 8 21 12 2
Intermediate 97 6 9 20 10 5
Slow 24 2 2 5 5 1

* . Significant difference was observed in the distribution of the acetylator phenotype between the
controls and late-onset AD in non-&4 carrier. (p<0.05)

LTwaeEzoh5,

NAT ik, fEwe X 2 HERFENERD Y, AICH
DEETY, ZOEAERNICBT2BEZREZ> T3
ZESHERIE NS, BIZIE, E MIZBWTIENATL S
NAT2 b7 IVNAVT SV EEBLE L, 7V VT AVFNT
SUBRRBULZLD M, T PBWTIK, NAT1 X
TUNTNVENLT S E2RET L8802/, %,
BEFEHRLLASNTHEDIE,NAT2DATH
23, EPMIBOTELHEBRLTWEDENAT2 T
HBPDEXHL, Ty P RBWTIENATITH
W0z, Ty MBS NAT2 2t b2
B2 NAT2 K% T2b0THD LBz L3
Zrid, ZOEEATORZSERELLFHET 2 C
ERBRSRL, ZOBA»S, FEEEZ Ty BV

T NAT1 ENAT2 e 2T LT T2 2L L
L.

Gaudet 5 IZNIC BT 5 NAT O NEMEREE & L
T, L-KYN 2H85%E L7z (F X V= RE)*”, L-KYN
BL-MV 777 v RBCBT 2 HERF RV =
REOPEREMEY TH2 (Fig.2). L KYN o5
WwkoT, BRTFOFIVVESF /) VEBOENE
Mg %%, ZhsFXv=rOREWEIZ NMDA
VETF I —DT I T=A b, EFRRTIT=AbEL
TYERA L, AIDS BYER & REEHREBICHE D EF)
DR N T 240303940 NAT 210k 3 N -7 & F
NVEIVZVOERBHNIE, I OO TR -
UTHEES 2 2 LR W, SEZBEB T2
HPLC & X 247 Cit, N-7&FNFX 1=z



BB 2LBE7 Y LT £ NAT 127

W32 RT=18 5D —27 3FED >hiehot: (Fig
4B). NAT1 5(t h®» NAT1), NAT1 13, NAT 2
21(3 v O NAT1, NAT2) THREETH-7. &
DZ 5, LKYN i NAT OREE L 320 Bk
ZEMRENT,

7 VN7 3 @ Shiff’s Base B IZ & 32 ARG,
—EOBEHENTREEC L 2HAOEEVIIFE
AEEDIZ L, BE» ORRICEREEZHET 5 2
LBTEBY, Lrl, SEDL-KYND LT, 7%
FMEDBENTHEZEEDOHE L, bTrERt
EOZELL»ES WS, 7TEF MBS b0
ZOD, FIEEEZOLBPHRE LEn®), L F
THRMOBEE N T 2 HERE L THVRENETDH
BrEZONI,

KEEBRYIA O in situ Nt 7Y 54 E—v 3
Vid, BEERBIKDRT v FHE»NG 2D RNA O
BREENRIFT, Y77 VELEHLESRBY, —F,
T 7 4 EBYIF T, FILEOTENSED,
ZOYIR OB E S RNA OO ESRE L 5> T
3708, MERPEWK Y RNasefree £ 352 L, iE
FEOCEBRIRIE X o THIETA X 0 bEREOE WE
BrTwES, ZO8E, 7ui7—¥ Kk 30#E
PLEE 2> TR BH, EEORE, 1ug/ml, 10-20
SBREOMNBEIZL > TN 2 779 R8BI, #%
WCEEINIEBRN LY S VEET R Y, B
FiafERsEs Nz, LhL, a7 7—¥ Ktk 3
AL, FHEROFEIECEE OB & o TEBERMAD
KEL AL 2729, YIF2EET 2HCT52RES
PDETHE, YIFOER R, BEOBE, BEYET
5-10 um, /%7 7 4 YYIK T 5 um TRFZHER®E
Shiz. Fiz, N TVFA ¥ -y a VEHEBRAD
WUBREOEAFTF X L 5> (5F& 50 75) OWM
BFRERT, ESF (FFE5000) ObOEHEMLI
D, H2VELEMLEVSDTREY 7 FVIZES
nginoiz,

Z v MFEETIRF B 5 ERTI, PIREABED
Frf iz 7 F s s o, FULEIRICED 512
ONTYZFADEEE > T EAMSA SN, Zh
13,87 7 4 v EEY] R % v 7z Debiec-Rychter 519
W & % EERER L X DERITH % 2%, Rappaport D
KB (liver acinus) DR WHED &, WA T 3 IMEK

Kb B BT 2HU/NMEREE (microcirculatory
zone) 1 WHHET 2 IcH <, MBOTHBEELI
BB 3 CHE T A HIFEHLTwB L
ERLTBY, BEOKREDOIVE BN RS
ThirEZOND, :

7 v MRS R Wi FHEDOEBTIX, NME ERP
THREHERE, R ¥R OSERIMIAEIE = /R 3 % MHfE 1 54
WY FABR N, MEBSTOY VRS
Ny, ZOVI7IrINVEFe A u—-TTHEEI N,
BN 7 TR EEZONI, T T 4
YEEYIR T, BE RS oA —3 L
Ty 7 FABEEINTL, MENEHECEELRS
TOY 7P NVEBEIhE ok, CORKRR

" Debiec-Rychter & DEERDFER L —FL T\ 510,

BEIO X >, MizizmEKEF (Blood-Brain
Barrier ; BBB)BSFEEL TB D, FOXRKIZMENE
WL BERMEOS A Y Yy ryvavk, BREY
HEETHD LEZONT B9, BBB 28FET
BIEWZET, HRUEDTVNT S NEERI
EEEATZ I LRETHD, MRMRCERENC
o b NAT 2 OFIIE, NRMEORE, ok
MRS SEND LI BRBOEELTBT S H D
EEz oh, MEREEMEORBCHSLTWwEZ L
HEZ 5N 592,

—FT, ME R bRuFERSR o2k
BEEHKET 2, SREEDHEEZ SN T W BIREE
EIEROMEAKREZELTEY, 3512, MOME
NERDE /N4 AT 4 7 ARBERFIBITISZ
DR & T 94940 HRRTAMIE SR IR 0 5 BER
WBT LTz E /84 & 7 4 7 RIENE BRI F3R
BH NIz NAT 2 2 & D REE N B ATRERDEZ 5
, Fil#ie, MERKEREE/ N14T7 4721
WNFBRHOBLER>TVRREILHREINS,

SHEHIBBRETE R0 7h, NAT 2 OFBEA L L
T, MEEFESRE (CVOs) Fah 5, CVOs iZil
BRI X %2 BBB BSEELZWERMTH D, #
BANSBEERHET B LEZ 5N TR0 5y
D NATI*13, NAT2*21 987 u—=> 7 & hizfh
BEHZDCVOs D—=D2>TH 5, %7z, CVOs 33
VIRBEEE R EONREEE CERET 28E
THYHBw, ZORFEHEH->TWLATEEMD B 3,



128 AN

MIREMEE L N-7 25 VLS L OBIE 2 5
PIT 2 HET, BEERSKEICHES L TWS LF
26N Tw3 AD 2B} 3 NAT 2 DE B D54 2K
SHUte, N-7TeF b8 e AD &£ QBEKZ DWW T
X, Steventon 5*® % Ladero 52 1 X - TERIzkET
BHRENTED, BEERZVEShTWE,. Lil,
WEEHB ko LEBREFOROARIC & 2 IHEBE
HIEHETIE, N-7 2 F SR ORHER & AR OH
BB T E 2l EQR BN H B9, % Je—FT,
AD O TFERGENHEOER» S, E—BETFOE
EZizk 3 ADPO D, 7RV REHEE (ApoE) %
HHBEELTWwWS AD B » ER > TE Tz, BT
Fetk AD T, ApoE ed BERBRSHEPEEL T3
ZEBMEINTWB, ZDlzd, ADDY R
7778 —LTH N-7TeFVESBOREHCB W
Tit, &0 IERLBETFRS A Y7 O AL ApoE
SRCHBE L RS LETH S,

Table 2 RT &S, avbu—nEEr AD B
LT, NAT2 OFEBRESAE, shidEFHEER,
FEERRED oGP olz, UL, ApoE 4 DFE
EEELUTRIN LIEE, ApoE ¢4 % bR ki
AD BEBHC BV CITREBORBFRE » 2 LR
it (Table3). Zhid, NAT 225 ApoE 4 % b
T2 WERFEE AD ORECEE L Tw 3 " EeH 2 R
BLTWwa, BFEtk AD 8w TIE, ApoE 4 D
FHOBEBEH% {409, NAT 2 ZHIC & 2 ENKRE S
NIz o 7= TTHEED B D, SHBOE 5% ZRETH5h
HThrrEzoh3,

% &

BN TSR N-7 & F VEERRER (NAT 2) D
B B LW, STREEN, RUEBREENC
BMEt L7z, £9, NAT 2 ONEEEE OB E LCL-
FXv=yr (L-KYN) O N-7xFMtB2Iv Lt
O HERZ BB EFREL TRET LT, BRRIGE
YDA RO HPLC @ & 2 Tk, N -7 & F
WEIVZVOERIBBEEISNEL o7, &z, B
Bl 2FHE%E in situ A4 7f‘) T4 X -yarkic
Ko THRE LIz E 23, WNE BRI & PR, &
W¥EE ORGSR AR T 2 M SR FEBLSEE D
Shtz. E5, NAT2 DHBIC L > THEUBN-T &

FAMEEEL L 7NV N A < —f% (AD) OREMY: % 488
BERCRE LIz L 25, BEOBERICBLTIR
N-7 2 F VLS B O RHEB DB O FFE S L T
VB EBEMEDSTRIB S Tz,

U EOHRLID, MRIEBIT2 NAT2 122w TBL
TOZ e ERINS, '

1. L-KYN 2 NAT2 OEETH 2 AHEH (F X
VR BEERTH 5. .

2. NAT 2 &, ¥ O BRHAAIE & 48R 3 5 ki
fahiE ERMIEI R B]RL T W5,

3. NAT 2.4, 7RV XEHE E4FREH S
B BFEME AD ORECES L TWw3 2 EBNRB &
hs,

# 32

BERZBWCHIy, BEEIREZBY £ LUk
AR LTSRS REE AT SRR MTHEE, =
B MK ZEEIIFARIZERIEHE B T
W E DEE LT, £, ROMES R BRDT
B F U T JUN KR AR B I 22 R 5 FT R PR OB = 2 5 P
ZRIEH SR, T2 BFEDHRFCBRE 1 LE 7. cDNA
B2IEEWEE 2 LtkREH BRL RS HO
BREEL, N-TEFLrFXvo v AR L TWRPWE
FUNTZAEER T P SRBIEdE ', No-7 £ 5V
FRUVZVEGRL TWIERE W7 PFERR (KK,
in situ NA TV IFA4E—yaryicBELTIHE L JiH
2B % L RERRARMEH 2R EE EE FO—
B, T2 o NI IR ZERHE ZHERTI BRb R
o ERECEES, TAYNA T —REE D DNA ik
BCRHT SV E LREAREREEZREEND F8
FIBLEAT, E%HEO DNA BRI ZH I TEawE L%
RoBEHREZEry— AFBELCHEERLET. ¥
Tz, BFROZFITICTIRE, JBE, JHhvwieRs, iz
BrVEIE LEFTIWE UL EETFEIE, BiHEsE
F, NAREERPF LI U LT 2HEDH X &, MIRE
KREFRII U & T 2 NMNKZEEBHHE EPF ST 4
BRSO BRI BILE L ET 7. 512, B
REYIR OFESI CH AT & v & LI N R EAERHER %
PN BERRERES HABEMCRS L LET,

*IE ANCERIEEH TR R
T8 NKBEILERMERMEE Y XA 7 A TEERISA
F ux ACEBE B
X #

1)  Abe M, Suzuki T and Deguchi T: An im-
proved method for genotyping of N-acetyltransfer-



s 3BT Y LT 3> NAT 129

ase polymorphism by polymerase chain reaction.
Jpn. J. Hum. Genet. 38: 163-168, 1993.

2) Aigner A, Wolf S and Gassen HG: Trans-
port and detoxication: principles, approaches, and
perspectives for research on the blood-brain bar-
rier. Angew. Chem. Int. Ed. Engl. 36 : 24-41, 1997.

3) Andres HH, Klem AJ, Szabo SM and Weber
WW : New spectrophotometric and radiochemical
assays for acetyl-CoA : Arylamine N-acetyltrans-
ferase applicable to a variety of arylamines. Anal.
Biochem. 145: 367-375, 1985.

4) Asada M, Goto H, Abe M, Tachibana T,
Suzuki Y and Suzuki T : N-acetylation polymor-
phism in Japanese patients with sarcoidosis. Phar-
macogenetics 7 : 341-344, 1997.

5) Bender DA : Biochemistry of tryptophan in
health and disease. Molec. Aspects Med. 6 : ' 101-197,
1982. )

6) Blum M, Grant DM, McBride W, Heim M
and Meyer UA: Human arylamine N-acetyltrans-
ferase gene: isolation, chromosomal localization,
and functional expression. DNA Cell Biol. 9: 193-
203, 1990.

7) - Chartier-Harlin MC, Crawford F, Houlden
H, Warren A, Hughes D, Fidani L, Goate A, Rossor
M, Roques P, Hardy J and Mullan M : Early-onset
Alzheimer’s disease caused by mutations at codon
717 of the B-amyloid precursor protein gene. Nature
353 : 844-846, 1991.

8) - Cserr HF, Cooper DN and Milhorat TH:
Flow of cerebral interstitial fluid as indicated by the
removal of extracellular markers from rat caudate
nucleus. Exp. Eye Res. 25 Suppl. : 461-473, 1977.

9) Dagerlind &, Friberg K, Bean AJ and Hok-
felt T : Sensitive mRNA detection using unfixed
tissue : combined radioactive and non-radioactive
in situ hybridization histchemistry. Histochem. 98 :
39-49, 1992.

10) Debiec-Rychter M, Land SJ and King CM :

Histological localization of messenger RN As for rat
acetyltransferases that acetylate serotonin and
genotoxic arylamines. Cancer Res. 56 : 1517-1525,
1996. .
11) Deguchi T: Molecular pharmacology of
polymorphic arylamine N-acetyltransferase
involved in the metabolism of arylamine drugs. Jpn.
J. Clin. Med. 50 : 877-886, 1992.

12) Deguchi T: Sequences and Expression of
alleles of polymorphic arylamine N-acetyltransfer-
ase of human liver. J. Biol. Chem. 267 : 18140-18147,
1992.

13) - Deguchi T, Mashimo M and Suzuki T:
Correlation between acetylator phenotypes and
genotypes of polymorphic arylamine N-acetyltrans-
ferase in human liver. J. Biol. Chem. 265: 12757-
12760, 1990.

14) Doll MA and Hein DW : Cloning, sequenc-
ing, and expression of NATI and NATZ2 encoding
genes from rapid and slow acetylator inbred rats.
Pharmacogenetics 5: 247-251, 1995.

15) Ebisawa T and Deguchi T: Structure and
restriction fragment length polymorphism of genes
for human liver arylamine N-acetyltransferase.
Biochem. Biophys. Res. Commun. 177 : 1252-1257,
1991.

16) Ebisawa T, Sasaki Y and Deguchi T : Com-
plementary DNAs for two arylamine N-acetyltrans-
ferases with identical 5 non-coding regions from
rat pineal gland. Eur. J. Biochem. 228: 129-137,
1995.

17) Evans DAP: Survey of the human
acetylator polymorphism in spontaneous disorders.
J. Med. Genet. 21: 243-253, 1984.

18) Evans DAP: N-acetyltransferase. Phar-
macol. Ther. 42 : 157-234, 1989.

19) Fenstermacher JD: The pharmacology of
the blood-brain barrier, In Neuwelt E (ed) : Implica-
tions of the Blood-brain Barrier and its manipula-
tion. pp 137-155, Plenum New York, 1989.

20) Gaudet S, Palkovits M and Namboodiri
MAA : Regional distribution of arylamine. and
arylalkylamine N-acetyltransferase activities in the
rat brain. Brain Res. 539 : 355-357, 1991.

21) Grant DM, Blum M, Demierre A and Meyer
UA : Nucleotide sequence of an intronless gene for
a human arylamine N-acetyltransferase related to
polymorphic drug acetylation. Nucleic Acids Res.
17 : 3978, 1989.

22) Gross PM, Blasberg RG, Fenstermacher JD
and Patlak CS: The microcirculation of rat cir-
cumventricular organs and pituitary gland. Brain
Res. Bull. 18 : 73-85, 1987.

23) Gross . PM and Weindl A : Peering through
the windows of the brain. J. Cereb. Blood Flow
Metab. 7: 663-672, 1987. .

24) Hein DW, Rustan TD, Bucher KD, Martin
W] and Furman EJ: Acetylator phenotype-depen-
dent and -independent expression of arylamine N-
acetyltransferase isozymes in rapid and slow
acetylator inbred rat liver. Drug Metab. Dispos. 19 :
933-937, 1991. .

25). Heyes MP and Quearry BJ: Quantification



130 A

of kynurenic acid in cerebrospinal fluid : effects of
systemic and central L-kynurenine administration.
J. Chromatogr. B. Biomed. Appl. 530 : 108-115, 1990.

26) Johnson AK and Gross PM.: Sensory cir-
cumventricular organs and brain homeostatic path-
ways. FASEB J. 7: 678-686, 1993.

27) - King CM, Land .SJ, Jones RF, Debiec-
Rychter M, Lee MS and Wang CY: Role of
acetyltransferases in the metabolism and car-
cinogenicity of aromatic amines. Mutat. Res. 376 :
123-128, 1997.

28) Ladero JM, Barquero MS, Coria F, Molina
JA, Jiménez-Jiménez FJ and Benitez J : Acetylator
polymorphism in Alzheimer’s disease. Eur. J. Med.
2. 281-283, 1993.

29) Ladero JM, Kwok CK, Jara C, Fernandez L,
Silmi AM, Tapia D and Uson AC: Hepatic
acetylator phenotype in bladder cancer patients.
Ann. Clin. Res. 17 : 96-99, 1985.

.30) Levy-Lahad E, Wasco W, Poorkaj P,
Romano DM, Oshima J, Pettingell WH, Yu C, Jon-
dro PD, Schmidt SD, Wang K, Crowley AC, Fu YH,
Guenette SY, Galas D, Nemens E, Wijsman EM,
Bird TD, Schellenberg GD and Tanzi RE: Candi
date gene for the chromosome 1 familial Alzheimer’s
disease locus. Science 269 : 973-977, 1995.

. 31) Martin A, Heyes MP, Salazar AM, Kampen
DL, Williams J, Law WA, Coats ME and Markey
SP: Progressive slowing of reaction time and
increasing cerebrospinal fluid concentrations of
quinolinic acid in HIV-infected individuals. J. Neur-
opsychiatry Clin. Neurosci. 4 : 270-279, 1992.

32) Mashimo M, Suzuki T, Abe M and Deguchi
T : Molecular genotyping of N-acetylation
polymorphism to predict phenotype. Hum. Genet.
90 : 139-143, 1992.

33) McKhann G, Drachman D, Folstein M, Katz-
man R, Price D and Stadlan EM : Clinical diagnosis
of Alzheimer’s disease: Report of the NINCDS-
ADRDA work group under the auspices of Depart-
ment of Health and Human Services Task Force on
Alzheimer’s Disease. Neurology 34': 939-944, 1984.

34) Mommsen S and Aagaard J: Susceptibility
in urinary bladder cancer: acetyltransferase
phenotypes and related risk factors. Cancer Lett.
32 : 199-205, 1986.

35) Ohsako S and Deguchi T: Cloning and
expression of cDNAs for polymorphic and
monomorphic arylamine N-acetyltransferases from
human liver. J. Biol. Chem. 265 : 4630-4634, 1990.

36) Ohtomi M and Deguchi T : Arylamine N-

=
=R

acetyltransferase activity in the chicken brain:
Regional distribution and diurnal variation.
Biomed. Res. 11: 405-408, 1990. o

. 37) Rappaport AM: The microcirculator

acinar concept of normal and pathological hepatic
structure. Beitrage zur Pathologie 157: 215-243,
1976.

38) Saito K, Crowley JS, Markey SP and Heyes
MP: A mechanism for increased quinolinic acid
formation following acute systemic immune stimu-
lation. J. Biol. Chem. 268 : 15496-15503, 1993.

39) Sambrook J, Fritsch: Molecular cloning. A
laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory Press. New York, 1989.

40) Saunders AM, Strittmatter WJ, Schmechel
D, St. George-Hyslop PH, Pericak-Vance MA, Joo
SH, Rosi BL, Gusella JF, Crapper-MacLachlan DR,
Alberts MJ, Hulette C, Crain B, Goldgaber D and
Roses AD: Association of apolipoprotein E allele
&4 with late-onset familial and sporadic Alzheimer’s
disease. Neurology 43: 1467-1472, 1993.

41) Schwarcz R, Whetsell WO]Jr. and Mangano
RM : Quinolinic acid: an endogenous metabolite
can produce axon sparing lesions in rat brain. Sci-
ence 219 : 316-318, 1983.

42) Sei S, Saito K, Stewart SK, Crowley JS,
Brouwers P, Kleiner DE, Katz DA, Pizzo PA and
Heyes MP: Increased human immunodeficieney
virus type-1 (HIV-1) DNA content and quinolinic
acid concentration in brain tissues obtained from
patients with HIV-encephalopathy. J. Infect. Dis.
172 : 638-647, 1995.

43) Sherrington R, Rogaev EI, Liang Y,
Rogaeva EA, Levesque G, Ikeda M, Chi H, Lin C, Li
G, Holman K, Tsuda T, Mar L, Foncin J-F, Bruni
AC, Montesi MP, Sorbi S, Rainero I, Pinessi L, Nee
L, Chumakov I, Pollen D, Brookes A, Sanseau P,
Polinsky RJ, Wasco W, Da Silva HAR, Haines JL,
Pericak-Vance MA, Tanzi RE, Roses AD, Fraser
PE, Rommens JM and St. George-Hyslop PH:
Cloning of a gene bearing missense mutations in
early-onset familial Alzheimer’s disease. Nature
375 754-760, 1995.

44) <. Shibuta K, Nakashima T, Abe M, Mashimo
M, Mori M, Ueo H, Akiyoshi T, Sugimachi K and
Suzuki T : Molecular genotyping for N-acetylation
polymorphism in Japanese patients with colorectal
cancer. Cancer 74 : 3108-3112, 1994.

45) Smith OR, Johanson CE and Woodbury DM :
Uptake of *¢Cl and ??Na by the brain-cerebrospinal
fluid system : comparison of the permeability of the



BlcB I 258ET7 I VT 3> NAT 131

blood-brain and blood-cerebrospinal fluid barriers.
J. Neurochem. 37: 117-124, 1981. ’

46) Smith OR, Woodbury DM and Johanson CE :
Uptake of *¢Cl and ?*Na by the choroid plexus-
cerebrospinal fluid system: evidence for active
chloride transport by the choroidal epithelium. J.
Neurochem. 37 : 107-116, 1981.

47) Staddon JM and Rubin LL: Cell adhesion,
cell junctions and the blood-brain barrier. Curr.
Opin. Neurobiol. 6 : 622-627, 1996.

48) Steventon GB, Heafield MTE, Sturman S,
Waring RH and Williams AC: Xenobiotic metabo-
lism in Alzheimer’s disease. Neurology 40: 1095~
1098, 1990.

49) Vatsis KP, Weber WW, Bell DA, Dupret J-
M, Evans DAP, Grant DM, Hein DW, Lin HJ, Meyer

UA, Relling MV, Sim E, Suzuki T and Yamazoe Y :
Nomenclature for N-acetyltransferases. Phar-
macogenetics 5: 1-17, 1995.

50) Weber WW and Hein DW : N-acetylation
pharmacogenetics. Pharmacol. Rev. 37 ¢ 25-79, 1985.

51) Wenham PR, Price WH and Blundell G:
Apolipoprotein E genotyping by one-stage PCR.
Lancet 337 : 1158-1159, 1991.

52) Yoshizawa T, Yamakawa-Kobayashi K,
Komatsuzaki Y, Arinami T, Oguni E, Mizusawa H,
Shoji S and Hamaguchi H : Dose-dependent associ-
ation of apolipoprotein E allele ¢4 with late-onset,
sporadic Alzheimer’s disease. Ann. Neurol. 36 : 656-
659, 1994.

(ZfF 1999— 2 —15)





