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Fig 1. Demonstratinn of the existence in the human population of
ThitAli-47 (A) and TheiTie-325 (B) polymorphists i soven typicad
samplos. Bach genomic DNA extracted from brain Gssuics was -
jocted t polymerase chain reaction (PCR) 40 ampdify a fragmen
encompassing the eadan For the amino acids at pasitions 117 and
PCR products were digesied with Bt {147) and Spof £425). The
TATI-117 PCR produst was 156 by in sizes the G {Alat ablefe was
digested it 281124 1 301 bp, but the A {Thn alide pave
28 1 428 hp. The TATI-325 PCR praduct size wis 363 bys the C Thrt
allde was digested 10 118 1 245 bp, hut the T {Ile) aticke was ot
digested by Spel.

(73%) induding (hase with HT withoul wiother risk disease
and these were used in our analysis of the tehitionship hetween
and TAFI variation,

Deladls of the patient age and TAF polymorphism dstri-
hution in gur sunples und the populition-based controls are
described in Table ). Genolyping of the 253 brain hank
samples and (08 population-hased contru) individuals was
carried out. PCR products were abtained from a number of

TAF Polymorphistns and Cerebral Infarction

different human genomic DNAs iselated fram patents’ brain
tissues and all blood sumples. The isotorm mutated al aming
acid 147 (TAF 147) had 2 PCR product of 436 bp. After
culting with Bhul, the TherThe-147 homazygate showed lwa
bunds (28 + 428 bp), the TheiAls- 147 heteruzygote showed
Tour bands {28 + 124 + 304 + 428 bp) and the AlvAla-147
humazygate showed Lwa {28 + 428 by), as given in Fig 1A,
Browwers et al (2001) wso reported snother TAF polymarph-
s at waning ucid 325, This was s C 1o T mutaiion at position
1040 of the TAFF gene {GenBank manbers NM-00187 and
NM-016413), which would result in (he mnversion of a The
cudn (ACU) (0 an fle codom {AULY) i mino acid position
325, 1 wur siody, the TAF 325 PCR produst size seas 363 bp.
Aller Spel calling the ThriThr-323 homazgate shuwed two
Tands {118 + 245 hp), the The/le-325 heterorygote shoved
Tour bands (118 + 245 + 363 bp) and the homorzygate Tleflle-
325 W not cut {363 bp), s shown in Fig 11t

The genaigpe distribution of the ThiAla- 147 and Thrille-
323 polymarphisms was in Hardy-Weinberg equilibrium in the
253 hrain bank samples and 108 population-hased contols, At
(he 147 paosition, lrequencies for Th Thy, Thr/ Al and ATy Ala
were 6% (15), 4026 (102) and 34% (136), respeciively, in the
brain bk group wnd 3% {3), 44% {47) and 33% (38),
respectively, in the populatian-based controt group (Table ).
Amang our brain hank samples, the irequency of the Thr allele
wis 26% (132), and that of the Al ullele veas 74% {374); und
among the populatiun-based contrls, e respective frequen-
cies were 25% (53) and 73% (163) {Tuble 1), I addition, st the
375 pasition, hrsin bank frequencies for Thy/Thr, Thi/lle and
el were 73% {190), 23% {38) and 28 {5) and the respective
pupulation-based (requencies were 75% {81), 209 {21) and 5%
{6). The frequency uf the Th allele was 87% {438} in the bruin
Tank group and 85% (183} in the papulation-based group, and
Uhat for the Me allele was 13% (68) in the hrin bank group and
15% {23) in the population-based group {Table 1). We cauld
nolallach any stnistical significance to differences in requen-
cies beiween the tw groups.

To examine the relalionship belween cerehral arterioscler-
osis and TAF polymorphism al aming wcids 147 and 315, we
classified the 180 patients wilh no evidence of disease visk inta
four groups an the basis of their degree of arterinsclerasis, wnd
Tound thit the disease was ahsent in 29, slight in 109, modersie
in 2 and severe in 14 (Tuble M), Although no stlistical
significance was found a1 the Theille-323 position, Lhere
appeared 1o he a tendency for patiems that were severely
afiected by arterinsdensis o have u lower irequency of the lle
{more ‘Thr) altde {Tuble 11). Tuble Hi shows the results of our
evaluation of the A9 patients in 1erms of the degree of cerchral
arteriasclerosis, us well us clinical history und sympioms, brsin
imaging {CT scuming), and lotal macrascopic wnd micro-
seapic (indings. OF these 189 patients, 94 had no infarction, 44
had sl infurcts and 51 had large infarcis. Although none of
the findings shown in Tuble 111 had statistica) significance, as
in Tuble }}, patients wilh hurge infarcts wppeared 0 huve
Tawer frequency of the fle allele {1026) (Table 11).
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Teble T¥. Association between Th#AD-117 2nd.
Thetite325 polymarphisms of the TAFT gene

My Gl-T0yes 710yers BMlyrs PBC {)

and patient age at the sirs CI attack,
ThatAb-147
ThiThe
Thiiak
AlfAl
Alde Thy (%)
Allde Ak (%)
Thatfle:
ThifThr
Thrflie
ik
Alidle Thr (%}
Al Sl %)

b
2

1 1 o {0
R’ 7 W 47 (1)
9 1 n 58 {33
o 10 28 9251 LIED] 53 (251
{i06) 607 27{731 30791 163 {74t
a 15 [t} B {751
H 3 3 2 {20
o 1] \ h {51
3 31 @6) 3391 31 {82) 183 (85)
25 5{11) H) 708 3308

PRC, popubition-basad condra; CI, orchral infurctinn.
N statistical significance was noted (P < (03},

2001) identified wnother SNP, Thi/lle-325 (10400/T), in the
coding regiun of the TAFI gene by comparing published
sequences. The (/U genutype (TherThe-325) was wssaciated
with the higheit Tevels of TAF Ag and the ‘T/T genotype
(e/lle-325) with (he Jowest (Brouwers e al, 2001). Joter-
estingly, the ThisRe-325 palymasphism inluences nol anly
the plasma Ag Tevel of TAF! bul alo TAFla activity wnd
stability én vitw, snd can vesull i increased antifibrinolytic
ty; fle-325 vartants exhibited an antifbrinolyic eliect
that was 60% greater than that of Thr-325  variants
{Schneider ¢ al, 2002),

In previous reports, it was shown Dl the plasms TAF Ag
Teve) is imporiant in several vascular diseases and in other
conditioms (Juhws-Vague ¢ al, 2000; Silkeirs ef al, 2000; van
Tilburg et al, 2000 Schroeder e al, 2002), und that i ix
senetically regulated (Brouwers ef al, 2001; Henwy e al, 2008),
i it is espected (hat there would be some
correlation between TAF] polymorphism and vascubar disease,
From o query made ol the European mulicentre datsbase,
samples from M1 patients and 570 Tram nomal individuzls
were anlysed for Th/Ala-147, The/tle-325 and plasma TAR
Ag levels (Henry of al, 2008 Juhan-Vigue ef al, 2002). A
strang correlution wts shown between certain polymasphisms
and TAF) Ag, hoswever, no statistically significant differences
were noled between A patients and normal individuals
ibulan-Vague of al, 200%; Morange of al, 2002), In carrelating
TAF Thi/Ala- 147, Thelle-325 and phisma TAF) Ag Tevels, o
genotype-dependeny wriefact might devdop when levels are
measured by an engyme-Tinked immunosorbent assay {ELISA)
{Guimaraes et al, 2004). To address Dis problem, a genotype
325-specific TAFS ELISA system has been developed ((.ﬂs n al,
2003). The strong corrdation shawn hetween pol

el

In cantrast, previows reports Iave stated that the Thr/Ala-
147 polgmarphism i a risk fctor for M1 (Henry @ al, 2001;
Julan-Vugue et al, 2002) and angima pectaris {Morange @t al,
2003). “The distribution of the Th/Als-147 polymarphism is
similir (o that veported by Brouwers et al (2001) and fuhan-
Vague & al (2002). However, in our samples, no ThiiAli-147
vk pul patients Al increased risk for cerebral arteriuscler-
asis or Cf {Tables 1 und 118}, In addition, with respect 10 ageat
(he first C) evenl, no ussocinkion with either The/Als-147 or
Theflle-325 (Table IV) was seen in the younger patients.

However, for The/lle-323, our uflele frequencies dillTered
significantly from thuse of previous reports {Bruuwers e al,
2001 Morange o al, 2002). Compared with the dus of
Brouwers ¢ al {2001} {Ths7Thr 59, The/fle 76, Nedlle £7), our
7 vadues were 3619 (P 0001) for the Thrille-325 poly-
murphism and 5598 (P < 0001) for the twal Thedlle allele.
This tendency was the same us in Mornge's multicentre sLudy
(Morange et al, 2002) in which the ' vidue for the Theille
palymarphism was 3886 {1 < 0608} (TherThe 267, Thidlle
255, DNe/lle 49) lor contals und 4871 [ < D01 Lor ME
patiemts (Thi/Thr 260, The/lle 216, Ne/lle 49), which
corvesponded with our duts {The/The 199, Thi/lle 38, Dle/He
3 seen in Table 1),

This dilference in allele frequencies al pusition 325 may
simply be the resalt of racial difference hetween white peophe
wnd Japanese. However, (he avensge age of (he subjects in
previous reposts was around 30 years (Brouwers e al, 2001
Heny ¢t ul, 2001; Juhan-Vague ef al, 2002). Our subjects had
an uverage uge of aver A years. D is pusdble that the deviation
abserved in our sludy might reflect the longer e span of uur
putiems, aihough there was no indicaion thal the extent of

und TAFI Ag was probably bemuse of 4 genutype-dependent
antefiscl. The relationship between wscubr disease and TAF)
Ag shauld therefore be reconsidered using nother ELISA
systemn. At the very Teast, the Theille-323 palymarphism doss
nal represent a C1 risk factor, 1 was also truz of MY (juhan-
Vague et al, 300 Mornge of al, 202).

devintion dad 1o an increase in range. We intend ta
exsmine this difference by analysis of TAFF polymasphisms in
younger fapanese subjects.

We believe that clinicapathulogical amlyses such us these ure
imporant for studying CJ, becawse among the so-called
vascular diseases, Cl is the end resull ol w cumbinution of
several conditions and risk Fetors. Far this reason, it is nat
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Slight Mitd Severe

Tatde I, Assciation between Thi/Ala-112 and.

FRB tard  PBC Thi/le-325 potymarphisms of the TAR gene
n.

Makifemake Noschmsis  slorosis  sclerosis  sclorosis (%) %) and the arteriosclernsis
Thitab-47
ThirThr H [ 1 3 el
ThiiAb [ S i
AbIA " § 56 {33}
Al Th {16) 56020) (e 33{25)
Allcde Al (%t RERVAY] 162 {741 2 (9 163 (73)
Thtle-225
Tho/Thr 0l W0 n WLIn R
Thiilte i bl o 15 {29) 200
Tt 1 2 t 142 661
Allode Thr %046 (793 [T 307 s w5
Aldefle %) 122 W ka0 35 305)
6B, g Brain Bank; PRC, popalati d controls.

Thers veere ol enougl sampkes to prnvide sutistical significance, but
with more severe sclorasis showed a biwer frequency of the T alicle.

for Theelke-325, pavients

Na infarction Small infarction  Large infarction

. Table 15 Assaciation hetween The/Ala-147 and
FBB tolad () PBC 080 Thi/ile325 polymorphisms of the TARE gene

and the clinicopathofogieat Cf grade,

(F200) 3{n
75 {10) 17 {41)
101 (31) 58 {53)
99 (26) 34 {251
774 83 {751
139 {74) B (75)
45 (21) nim
3{2) 613)
313 @30 [EEREL)
5513} n (s

Th/Ak-147
TherThe . 3 3
ThilAk 3 1 n
AlSAL 53 kil 26
s npn won
WIgsL sish) M09
[ 36 1l
n 8] 10
3 2 0
Alcle The 01 159 (85) 72 (k1) 92 {90
Alde e 1 29151 161 10010y
TRB, dmura Brain Bank, PO, populati
On comparing eith PBCs, o group shaveed statistical significance (P

To andlyse the selationship with onsel age, we determined
he kge i the fst stk from the pathalogy of the brsin bank
samples and ihe clinicat CI Mstory. From the clinical history,
ihe uge it first attack was cleardy evident in 59 cases. However,
we could ot detect u corelation hetween TAF! polymorphism
at aming acids 147 und 323, und the age al which the first )
event uceurved {Tuble

Discussion

We analysed TAFS pulymorphisms il amino acids 147 und 323
wing simples in which the newmpathalogy had been
confirmed W designed PCR primers hased on the gene
sequence encading human TAFL mapped al 13qlée(l
{Varhoo! e al, 1996; Bolla et al, 1999) und were able (o
demunsirale the esistence in the Japanese population af Th/
Ala-147 and Thile 323 using the method of Schneider e al
{2002).

d controts; CI, cersaral infarction.

< o3

In our wialysis, na deviation was noted in reliion 1o ses ur
age, Amang gatients 2t risk af theomhus foostion loam
diseases including DM, VP AF and HL, us wel) us neurapath-
alogical anyloid angiopathy, the incidence of these palymor-
phisms was ol statisically significant {data nol shorvn), We
tacgeted the renuining 189 nearopsthologically disgnosed
Cudses.

We could not detect any cuszelation bewween TAF vasianis
and either C1 or pathulogica] arterioselerosis, i lenns of
genetic polymorphisms. Unfurumalely, we &d nol ohuin
plasma samples while the patients were ahive. AL this time, we
have na duts correlaling C pathological srieriesclerasis, TAF!
pulymusphism and phisma TAF antigen (Ag) levels.

The ThriAla-147 and Tharlle-325 (303A/G and 10400/T
SNP) positions are inportant determinants of the plasma
TAF Ag levéls. Henry ¢f al 2001} shuwed that 1he TAF) Ag
Tevel is strangly afiected by associated with the Thi7Als. 147
mutation (Henry et al, 2001). In addition, Brouwers e ol
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ey 1o pick out TAF polymuosphisms dhat represent 3 CI risk
factor. Fature studies wilt locus on C1 as an inllammatory
disease and TAF} a5 an acute phase pratein of (he inlamon-
tary process {Kalo ef af, 2000 Swto o al, 2000). In wddition, in
exumining TAF) Jevels, we will wlso camsider the passibility of
artelacts at severa] lime points, and if found, will study (heir
relationship to polymarphism wnd C1 using our unique ELISA
system (Tani et af, 2003).
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Table in atypical RTT. Preserved speech variant (PSV)

Mutation analysis in 219 sporadic female patents with RTT

Mutaioas in the MECP2
Climical form___ Pasitive Negative Tord

Qacicad RTT 115 (81.4%) 16(12.1%) 131 (504%)
Anpical RTT 30 (34.15) 58 (15.9%) HH (40.2%)
Total 145 (66.29%) 74 (33,86} 29 (0%)

Sinee the first report on mutations in the methyl-CpG
binding peotein 2 gene (MECP2) in patients with RTT (5],
over 200 different mutations of MECP2 have been identified
in patients with classical RTT and atypical RTT [6-26).
Futthermore, patients with X-linked mental retardation
syndrome (XLMR) have different mutations in MECP2
from those in patients with RTT [27-37). The wide
spectrum of phenotypic variability in patients with
MECP2 mutations has extensively been discussed and
considered with respect to mutation type and location in the
gene, in addition to the pattern of X-inactivation [6.9,11].
However, sone missense nuHations reported in patients
with R'l'l' and XEMR might be not-| pathogenic DNA

such as single i
(SNPs} [16,17,38,39],

To provide further delineation of MECHZ mutations in
RTT patients, we have analyzed MECH2 in 219 Japanese
patients with classical o atypical RTT. We found 45 patho-
genic watations in 145 patients with RTT (66.29%) and
three new SNPs with amino acid substitwtions in exon 4
af MECP2, We suggest that rare missese mwtations
of MECP2 should be catefully distinguished from rare
non-patholegical vadations in order to detenmine the
cause of clinical conditions in patiems with RTT or
XLMR (Table 1).

2. Subjects snd methods
2.1, Sudly paienis

A total of 219 umrelated Japanese female patients,
ranging in age from 2 {0 40 years, were evaluated
accarding to the international diagnostic criteria for RTT
{3 by Japanese child neurologists and were referred for
molecular analysis of MECH2. Classicai RTT was
diagnosed in 131 patients who had psychomotor
regression after o period of normal development (6-12
months), severe mental retardation, deceleration of head
growth and loss of language and purpaseful hand skitls
with stereotypical hand movements. Seizures started at
2-3 years of age, but attacks had been well controlled by
medication in most cases. Respiratory dysfunction was
observed in 60% of patients with classical RTT. Eighty-
eight patients had atypical RTT. They had stereotypical
hand movements, but had either more severe phenotypes
o a mild form of RTT [4). ‘Forme fruste’ was prevalent

was diagnosed in 12 cases. Congenital onset phenotypes,
with severe early motor disability, were diagnosed
in five cases. Early seizore onset form was diagnosed
n 10 cases.

To detenmine the frequencies of rare alleles of SNPs,
200 healthy Jepanese (100 males and 100 females} were
recruited as controls, after obtaining informed consent for
DNA analysis.

2.2, Muatinn unalysis

Using a standard prodocal, genamic DNA was extracted
from periphenal blond levkacytes from patients with RTT
and their parents, after oblai ning inforted consent from the
parents of patients, and controfs, DNA amplification of the
MECP? coding exons was performed by polymerase chain
reaction (PCR) method using appeopriate primers and
conditions as previously teported by Obata et al. [8]. In
addition, to amplify exon 1 and the entire reginns of exons 3
and 4, primers were designed based on the reported genomic
sequence of MECP2 as follows: Ex1-F: 5 TAGAGAG-
GAGGGACGCCATC-3, ExI-R: §-CTCGCCAATTAC-
GGCATCG-3', Tt 2-1F: §“AGTTCCTGUTGTGTCCT-
TCC-3, Int 2-2F: §-ACTCGACGAGTAAGAGC-3',
Ex 4-LTDI:  §-AATGGACCATGCCACCTCAC-3"
Ex4-LTD2: §-GCAGCTGATAAGGACTTCC-3'. For
amplification of the entive exans 3 and 4, PCR was
perfarmed in a final volume of 25 ul of solution including
3 units Taq polymerase (Takara, tong PCR kit) and primers,
In2-1F, Int2-2F, Ex4-LTD1, and Ex4-LTD2. PCR condi-
tions for tong PCR were initial denatwration at 95 °C for
2 min, followed by 30 cycles of denaturation at 94 °C for
30 min, and annealing and extension at 60 °C for 4 min, and
by final extension at 72°C for 10 min. PCR products were
sequenced directly using an ABI310 sequencer.

2.3, X-inaztivaiion auilysiy

‘The X inactivation pattern was determined by PCR
analysis of a polymomphic CAG repeat in the androgen
recepior genie (AR} [40], Afer digestion swith amethylation-
sensitive enzyme, Hpdl, PCR products from undigested
and digested DNAs were separated on an ARI373
automated sequencer and analyzed by Gene Scan software,
Methylation of the Hpal site close to this repeats correlates
with X inactivation and the PCR product is obtained from
anly the inactive X chtomosome.

3. Results

3.4, Muation spectrion of MECP2

Forty-five different mutations in MECP2 were identified
in 145 of 219 (66.2%) sporadic female patiemts with
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A total of 43 difforcas mitations of wety)-Cptibinding protein 2 gone MECP2) wers identificd in 145 of 219 Japancse pationts with
ical Rett syndromse (RTTH(66,29). A missense mutation, F138M was the mast comman nutetion of MECPZ, ideatified in 22
119.%) paticots, follawed by four nonsense mutations, RIGRX (14.8%), RIZX (1306, R255X (9.6%), and R294X (6.15) in |15 patients
with classical RTT. (wvo missense amdations, R (13C (31 4, Akt 4 nonsense aatation, R M X (13.3%), were connog
in M) paticnts with atypical RTC including the proserved spoech variant \PSV). Frameshift mulatinns due t aacleotide delction or insertion
were identified in 22 patients with AJECP2 mutations, and anc of them had a 1.6 kh deletion encampassing exons 3 and 4. Three paticats with
elassical R had a splicing anomaly. The wide spectrum of phenotypic variahility in patients with RI'L has heon considercd to be comeleged
with the mutation {ype znd location in MECP2, and X-inactivation. However, most patients showed a random X-iactivation pattern
evaluaed by an androgen meeplor gene palymarphism in this study, supgesting that a skewed X-inactivation wight not he & main
modification facter oo clinical phenstypes of RUE. In addition, three new iissense mutations, PI76R, AY2KY and 'T479M, wen: ideatified in
patients with REE, by also jn healthy Japanese, indicating that these mmiatians are non-pathagenic in Japanese. Infonmation about rare
polymorphic variations is very important for the molocular diagnosis of RTT, ithough rre palymorphic vadants might differ among cthnic
groups.
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1. Introduction

Rett syndrome (RTT) (OMIM 312750} is a commaon
cause of mental retardation in females, with a prevalence

manifestations in the classical form of RTT are character-
ized by cognitive deterioration with autistic features, {nss of
acquired skilis such as Janguage and hand usage, stereo-
typical hand wringing movenients, ad gait ataxia, appear-

af 1 in 10,000~ 15000 worldwide [L2). The clinical ing after a perind of apparently nocmal development (until
618 months) [3]. However, atypical variants of RTT are
also conunonly observed, and five distinct categories of
atypical fors have been delineated on the bases of clinical
criteria: infantile seizure onset type, congenital forth, “forme
fruste’, PVS, and late childhood regression farm [4).
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Tabe 2
List of MECPZ wutations fouad in 145 patients in this smdy
Genoeypes Nuclentide Tnvolved functional dowain Phenogype References

change (The fing cepoct)
Migene matorions 63)
ALD (1) 3924 MBD Classieal KT Thix repart
S134F (1) caorr MBD Classical RTT This report
DISEA (1) AL MED Cassical RTT This repart
L3028 (1) oA TR Clussical RTT This repart
K3SR (1) A9 TR Classical RTT This cepart
RIOGW (3) cer MBD Qussical RTT s
RIONQ (2) Iz MBD Qussical RIT [E]
LLMF (1) G MBD Qassical RTT %
RLIIC (1) caomr MBD Atypical RTT (4), PVS {7) 5

CANG MBD Classical RTT 14

C455G MBD Classical RTT 14

CARG MBD Clasical RTT It

AT MBD Qasdcd RTT 5

CousA TRD Qassical RTT 10
P30R (1) COUSG TRD Quastical RTT 13
R30UC (7) coleT TRD Arypical RTT (1) 2

Clasiical RTT (1)
Nowsene owotions (57

R6SX (1) . €3G Qasseal RTT “Thi report
YIX () [ Casieat RTT This report
RIGKX (i 7y <smT Qassical RTT 0

QLIOX (1) THNT Quassical RTT 13

R255X (1) 3T TRD, NLS, WDR Qlassical RTT 5

R2HX (15) CRORT ‘TRD, NLS, WDR Quassical RTT 9

R294X (L1) camIT TRD, WDR Quassical RTT{T) 1

Atypical RTT (4
Detetionn cond insertion sutotins 122)

1 bp del (1) 806 () TR, NLS, \nm fusdeal RTT This report
Zbp del (1) 7-10K(A %) cdeat RTT This report
Zbpde (1) SUISINTO deat KT Thiy report
A bp det (1) LHB-SIAG sseat KT Thls report
38 bp dek 1) 1158-1193 Av;psul o ThIS eport
212 by ek (1) 1010-1321 Atypical KIT This repart
507 bp ddl (1) H16-1121 MED, THD, WOR Classicul KTT Thix cepart
A6 kb det (1) B dand 4 MED, THD, WOR asdenl RTT This ecpart
T tns (1) Q) MED, THD, NLS, WUR Clussleat RTT This report
1bp las (1) 1194 (C) Atyplexd RTT “THIs repart
1bp Ins (1) 1320(T) Atyplest RTT Thls report
1bpdd () 23(6) Qassicd RTT #

1 bp del (1) 35 (C) Classical RTT 4

1 bpdd (1) 195 (G} TRD, NLS. WDR Classical RTT [

Vbp del (1) 696 (C) TRD, NLS. WDR Qassical RTT 8

Lbp del () 03 (€) TRD. LS. WDR Qussical RTT It

Abp del (1) TS-KGOCA] TRD. NLS, WOR Quassical RIT ]

A hp del 3) IS5 19K WDR

U hp de {1 [TEERET:S WDR Atypical RTT u

Splicing anovnaliss (3)

El danor site (1) GTAT Classleal RTT “This report
K3 danar site (1) GTT Ulassleal RTT Tils report
I saeceptor site (1) CAGAAG Clasveal RTT Thix cepart

Novel mmations are denoced by babd bemzes. Nunhers in parentheses are ohserved subjects in this sudy. PVS: peeserved speech variant, MBD: methyl-CpC
irding domain, TR: translation repression dosnain, NLS: nuctear lacatization sgnal. WDR: groap 1l W deunain binding region.

classical or atypical RTT (Tables | and 2); missense 311 Missenve nuttations

mutations in 63 (43,4%), nonsense mutations in 57 (39.3%), Sixteen different missense mutations including five new
frameshift mutations due to nucleotide deletion or insertion ones (A131D, $134F, DIS6A, P302T, and K305R) were
in 22 (15.29) and splicing anomalies in three (2,19). All identified in 63 patients and the phenotypes in lhese
mutations were nol nbserved in their parents, indicating de patients are summarized in Table 2. The most comumon
novo nutation. mwation was o473t resulting in TIS8M, which was
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identified in 22 of 145 (15.2%) unrelated patients with
MECP2 mutations. All patients with T158M showed the
1most typical clinical features of olassical RTT. The second
ost common missense mutation was R133C, which was
identified in 11 patients with atypicai RTT including eight
with PSV, They started to walk at I8 months without
support and to walk in adulthood. In addition, R306C was
identified in eight patients with a mild phenotype of RTT
who could walk at 15-20 menths and maintain walking at
17 years of age. Missense mutations, R106W/Q, RIS2R,
DI56E, and P302H were identified in a few patiemts with
classical . Six patiems with PIS2R could sit with
suppoet, but could not walk throughout their life and
became bedridden by 10 years of age. Eight other missense
nistations, L124F, A131D, S134C/F, D156A, P302R/T and
K30SR were each identified in only one patient with
classical RTT. The patients with these rare mtations conld
sit but not walk.

3.1.2. Nonvense minariony

Seven nansense mutations including two new ones
(S68X, Y141X) were abserved in 57 cases (Table 2). Four
nonsense mutations, RIGRX, R255X, R270X and R294X,
were common and were detected in 17 (11.75%), 11 (7.6%},
15 (10.3%) and 11 (7.6%) owt of 145 patients with
nuitations, respectively. Three other ionsense mutations,
SE8X, V141X and Q170X were each detected in ane patient
with classical RTT. The clinical characteristics of patients
with R168X, R255X and R270X were very similar to those
of patients with TIS8M, suggesting that 44.8% of patients
with classical RTT have TI158M, R168X, R255X or R270X
in Japan. Many patients with these mutations were not able
to walk throughout their life and some patients who started
to walk by six years of age became bedridden by 20 years of
age. On the other hand, four patients with R2%4X showed
slightty milder form of RTT, and were able to maimain
walking in adulthoed.

3.1.3. Deletion and invertion misations
Eigiteen different frameshift mutations were detected in
22 patients (Table 2). Maost mutations were newly detected
in this study. A single base pair deletion was observed in
seven patients with classical RTT. The deletion resulted in
loss of a methyl-CpG-binding domain (MBD) and a
transiation repression domain (TRD) of MeCP2 in two
patients and loss of TRD in five patients. All patients with 1
bp deletion had ctassical RTT. A 2 base pair deletion was
detected in two patients: one in exon 3 in a patient wids
classical RTT, wherteas the clinical features in the patient
with a 543-544(TC} deletion in exon 4 showed PSV of
RTT. A 4 hase pair deletion was identified in two patients
with classical RTT.

Large deletions, 35 bp, 71 bp and 212 bp in the
C-terminus of MECP2 were each found in ane patient
with atypical RTT, and the ihree patients with a 44 bp
(1155-1198) deletion in the C-termimus of MEC#2 had

atypical RTT. Only one patient with 4 bp deletion in the C-
terminus had classical RTT. In addition, we identified two
patients with a 507 by deletion (616-122) in exon 4 and a
deletion and insetion of 3.6 kb (Ex3-1894-Ex4+465
deletion and Exa+1-+9219 del) with an inverted insertion
of 119 bp (Exd+712-+831 and an wknown sequence
region 40 bp). Both had classical RTT,

Compared to deletion mutations, insertion mudations
were rare and newly detected in this study, one base
pair insertion, in different region of MECF2 (243insC,
1194insC and 1320insT) was each found in one patient
wilh classical RTT.

3.1.4. Splicing anomelies

Three new splicing anomalies were each detected in ane
patient with classical RTT. Mutations in the donor site of
exon | (GT/AT) and exon 3 (GT/TT) were detected in two
patients, and in the acceptor site of exon 4 (CAG/GAG) in
ane patient.

3.1.5. Nowpahogenic varia ions

Five non-pathagenic variations were detected in patients
with RTT and their parents (Fig. |, Table 3). One variation,
A201V, was detected in three patiemts with RTT, one of
their parents and healthy comirols. The allele frequency of a
rare allele, 201V, was 0.0147 in this Japanese population.
G232A was also identified in patients with RTT and healthy
controls. Allele frequency of the rare form of (G232A was
0.071 in females and 0.048 in males (Table 3). In addition,
three new missense mutations in exon 4 of MECP2, PI76R
(C577G). A3TRV (CI133T) and T479M (T1436T), were
detected in patients with RTT, but these muiations were
also detected in one of their parents and in wnrelated
healthy Tapanese (Fig. 1). Then, these variations are not
pathogenic, but polymorphic, although allele frequencies of
rear aileles were less than (.01 in tie Japanese populaiion
(Table 3

3.2 X-inaciivedion paiem

K-inactivation studies were performed in 123 (R4.8%) in
145 patients with a MECF2 mutation. There were 39
patients (31.79%) who were homozygous for the AR incus
who were notinformative to deteet a skewed X-inactivation
pattern. Skewed X-inactivation (greater than 75%
expression of one AR allele) was found in 21 (25.0%) of
84 informative patients: foare patients showed dominant
inactivation by the maternal allele and 17 cases by the
paternal aliele of the AR allele. However, greater than 90%
expression of one AR atlele was identified in five patiemts
(3.9%) in whom the MECP2 mwutations were TISEM,
RIG8X and 44 bp detetion in the C-terminus. Patients with
skewed X-inactivation showed eclassical RTT and mild
clinical features, as did the other patients with the same
mutations. The clinical features were not modified by
skewed X-inactivation in oure stody.
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mutations are before nuclear localization signal (NLS) and
truncated protein can not migrate in uncles. However,
R294X retains NLS domain in truncated protein. Then,
phenotypes in patients with nuations causing impairment
of NLS are more severe compared to those with other
mutations (14].

Frameshift mutations due to nucleatide deletion or
insertion were identified in 23 of 145 (15.99%) patients.
All these mutations introduced a premature terminal codon
in MECP2, Large deletions in the C-terminus, 35 bp, 41 by,
44 bp, 71 bp, 212 bp and 507 by, were identified in hot spots
{1152-1200) of deletions previously reported [9] and in
group TT WW domain binding region (WDR} of MECF2
[41]. WDR which is a newly detected functional domain
located in 325 aa to the C-terminus, with the interacting
prolin-rich sequence at its center [41). Then, dysfunction of
WDR might introduce atypicat RTT in females. The same
deletion, 1155del 44, was identified in three patients who
had atypical RTT. A large deletion, 3.6 kb, resulting in loss
of three functional domains, MBD, TRD and NLS, of
MECP2 was found in one patient with classical RTT. Her
clinical featwres were not different from those of other
patients with classical RTT. Recently, gross reamrangements
in MECPZ were reposted in several patients with RTT
[18.23,24]. They recommended Southern blot analysis for
screening for mutations in patients with RTT. However, the
sizes of deletions in these patients except ane were 5-9 kb,
and break points were inistron 2 and exon 4 in these reports
[23.24]. Long PCR is able to amplify around 10 kb, and
might be able to define these gross deletions. Then, if long
PCR amplification is 1ot able to reveal any mutations,
Southern blot might be useful for detection of gross
rearmangements of MECP2 in patients with classical RTT.

At feast eight missense mutations were identified in
screening of MECF2 mutations in patients with XLMR in
Cavcasians [27-37}. AI40V was identified in several
families with XLMR, indicating that A140V causes
nonspecific memal retardation in humans {27-30]. How-
ever, the remaining seven missense mutations were each
identified in only one patient with autistm or mental
retardation: five were in functional domains—one in MBD
and pne in TRD, and three variations were tocated in WDR.
Loss of WDR fanction causes XLMR in males. However,
further study is needed to determine whether these
mutations are pathogenic mtations in these patiemts and
family studies are imporant to distinguish between a rare
variation and a disease-causing mwtation [36].

In addition, we detected five missense variations in exon
4 of MECP2 in patients with RTT. Two of these mutations,
A201V and G232A, were polymomphisms reported by
Amano et al. (200K, and the frequency of a rare allele of
G232A was .07 in females and 0.048 in males in this
stidy, and 0.054 in a Japanese papulation studied by
Amano et al. [0}, Thres ather missense mutations, PI76R,
A378V and T479M, were idewtified in patients with RTT
and heallhy Japanese. Allele frequencies of rare types of

these variations were less than 0.01 in a Japanese
population. Then, seven missense genetic variations,
PI76R, A201V, G232A, P25IL, P3768, A37RV and
TATOM, were non-pathogenic in the Japanese population.
To date, 20 missense mutations were found in healthy
individuals, indicating that these missense varations are
non-pathogenic in Caucasians [6]. Five variations were
between MBD and TDR, seven variations were in TRD and
14 variations were in the C-terminus, although missense
mutation in the C-terminus of MECP2 was detected in three
patients with RTT: one missense mutation, P322A [13]and
owa in a terminal codan, X478C [13] and X478T 24} We
found onfy one of 27 variations, A201V, in our study, Two
variations, A201V and P3768, were ohserved in Caucasians
and Japanese, bul ather variations were specific to each
population. These data suggest that rare varations in
MECP2 might differ among differant ethic groups and that
DNA substitutions in MECF2 might accur frequently.

In conclusion, we detected 45 different mutations in the
145 patients with classical or atypical RTT. Five mutations,
TI58M, R168X, R255X, R270X and R294X, were comman
in patienis with classical RTT and two mutations, R133C
and R306C were common in patients with atypical RTT.
New mwations, three splicing anomalies and a 3.6 kb
deletion in exons 3 and 4 were identified in our stady, in
addition to three new rare SNPs, which might differ among.
ethnic groups. Non-pathogenic missense variations are very
important for the molecular diagnosis of MECF2 matations.
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4. Discussion

To date, 218 different mutations have been reported in a
total of more than 2100 patents [26] In our study, 45
different mutations of MECF2 were identified in 145 of 219
{66.2%) sporadic female patients with classical or atypical
RTT, but 74 patients (33.6%) including 16 with classical
RTT did not have a MECP2 nutation in the entire coding
and flanking regions. MECP2 mutations were found in 115
of 131 patients with classical RTT (R7.8%}, but in 30 of 88
patients with atypical RTT (34.19%) in this study, These
results were campatible with many other studies, suggesting
that MECH2 nwtatipns are present in 85909 of patients
with classical RTT and in 30-40% of patients with atypical
RTT {9-14]. A number of authors have reported a
relationship between type of MECP2 mutations and the
severity of clinical featwres in patients with RTT [8-16].
However, it has been difficult to evaluate distinct relation-
ship in patients with RTT, becavse of smail number of
patients with the same mutations and the broad spacirum of
phenatypes [11,16).

The most common missese mutation is TISEM in
patients with classical RTT in many studies including ours
[25.26], suggesting that T158M has crucial function for
binding CpG island in genomic DNA. Two wissense
mutations, R133C and RIOGC were identified in patients
with a mild form of RTT including PSV, as previously
reported [5,15-20]. Patients with other missense mutations
had classical RTT and fowr new missense mutations,
AI31D, S134F, D156A, P302T, and K305R, were identifted
in patients with classical RTT. Then, more patients with the
same missese mutations need to decide the distinet
phenatypes of RTT in these missense mutations,

On the other hand, phenatypes in patients with ansense
matations might be able to establish, because for mutations,
R168X, R255X, R270X and R294X have been commanly
observed in patients with classical in many studies [5—14].
All patients with three nonsense mutations, R168X, R255X
and R270X, showed classical RTT in our study. However,
four of 11 patients with R294X had atypical RTT in our
study. RI6RX, R255X, R270X and RIMX were not
found in PSV of RTT [13] Locations of many nonsense
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[ELR GASC TRD Hoelll 0936 (276) 0.004(19)
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Abs(ract

Fibroblast growth factor 1 (FGF1, also known as acidic FGF) protects selective neuronal populations against newcotoxic effects

such as those in Alzheimer's disease (AD) and HIV encep!

litis. The FGF] gene is thercfore a strong cndidate gene for AD, Using

the promoter polymorphism of the FGF1 genc, we cxantined the relationship between AD and the FGF) and upofipoprotein E

(APOE) genes in 104 Jupancs:
moter polymarphism (—3385 A/G)
non-GG genntype was 202 (9555

tapsy:- nnhrmcd Iate-onsct AD puncms and 106 age-mutched non-demented controls. The pro-

ed with the GG vs

500
=1 16 1.52). while thut of rd vs non-rd in APOEA gene was 3,19 (95% CT = 2.68-10.1).

The odds rtio for APOEed und FGF1 GG carricrs was 20.5 (95% CI = 6.88-60.9). The results showed that the FGF'} gene is as-

sociutad with autapsy<onfirmed AD.
© 2004 Blsevier Tne. Al rights rescrved.
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Alzhehmer's disease (AD; MIM#I04300) is the most
common cause of dementia in mid- 1o Jure-life. Studying
the fuctors that influence the risk of d ing AD mity

ritic pluques and peurofibsillury tangles found in hrain
tissue {3]. Given the recognition that AD constil

Jeud to the idemificution of those a1t high risk for devel-
oping it, strategies for prevention or intervention, und
clues to the cause of the diseuse. Both genstic and envi-
ronmental factors huve been implicated in the develop-
ment of AD {J], bur the cause of AD remains
unknown, and no cure or universally effective treatment
has yei been developed [2). Even the diagnosis is diffi-
cult. A definitive diagnosis depends on wnalysis of neu-

* Comexpomding uuthor. Fax: ~K1-89-9(0-5179.
nall aklress: bideyzmagim.chime-uucip (H. Yunmgan).
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Tiet disorder, ident of
factors would be difficult using conventional methods.
Fibrobluse growth fuctor | (FGF1, also known us
acidic FGF) is a member of e fibroblust growth factor
fumily that possesses broud mitogenic und cell survivul
uetivities and is involved in u vuriery of biologieul pro-
cesses [4]. FOF| protects selective neuronal populutions
against neurctoxic effects such as those in Alzheimer's
diseuse 15,6] and HIV encephulitis [7). Immunahisto-
chemicul examination of postmostem bruin tissue of
AD revedled thue FGFJ was specifically expressed in a
subpopuliion of resctive astrocytes surrounding senile

1 H. Yonogata et al. | Blochenicul wnd Blophysteal Rescarch Commarsations 321 (20087 320-323

“Tuble

1
Clenotype wnd aliele pumbers und frequencios for /A polymorphism in promoter of FGFL

Giroup Clenotype (frequency) Aflele (frequency)
" AA A Gu AA-UA 7]
LOAD (100 6 .06 38 (0.38) St .50 44 (044 150 (0.75)
Control (106 ¥ U1 51 (0.4%) 41 i139) 65 (061 133 {0.63)
LOAD, fife-onset AD.
o~ p<non.
" poo
** p<ool
“Tuble 2 the selective vulnerubility of neurons in AD. The results
tive rixk for i et and — 1385 : N N .
Relative rixk for intesaction between ALOKed and — LI5S GG} of this study support the hiypothesis that FGFI contrib-
LOAD Controfs Odde 95%.C1 utes to the selective vulnerubiity of newrons in ihe en-
e o sorhinal cortex in AD, and wlered patterns of FGFE
"“(5;(“’“ " “ erenc immunoreactivity may play un important role in the
non - Weference pathoplysiologicat processes of AD [14,6,12]. This hy-
Gy 6 4 200 116-352 ) .
potliesis should be furilier examined by functionat ungl-
APOEst ysis of FGFI polymorphisms,
- 51 w Reference
- 4 16 519 2.68-10.1

APOEst  —1388 UG

- 17 Kl
- - 3 3
- - 1% n .
- - 3 H 6R-09

'\I’Oté {-), one or two capies of st AIM)¥Es4 (), £ copies of kY,
% CI, confidence Interval at 95% fevel,

to the FGF1 start site is sufftcient to stimulate promoter
uetivity. Therefore, it is reasonable to think that - 1385
G/A palymorphism in the FOFI promoter region can
contribute the promoter activity, We performed an asso-
ciation study of e promoter polymorphism of the
FGFI gene.

We huve evaluuted definite LOAD as a relatively ho-
megeneous case group, Our preliminury data suggest
that the FGF gene, or a nearby gene, is an additional
risk fuctor, independent of the APOE gene. Association
studies often produce canflicting resulis. There are three
possible reasons. First, this might be due 1o a type | sta-
tistical error, where thiere is a weak ussociation between
the polymorphium and the disesse, Second, it imight
arise from the difference in genetic background between
the American, French, Asian, and Japaness popula-
tions. n some seudies, the AD group was mude up of
a mixture of fumitial and sporudic patients. We xherefonz
tried 1o choose | subjects. {autop
firmed and Jase-onset AD) as much us possible. A third
possibility could be linkage disequitibrivim with ather
causative polymarplisms.

Putients with the GG genotype in this study had &
higher risk of AD than those with the A allele. This in-
dicates that the GG genotype in the promoter muy influ-
ence the expression of FGFI and could be invalved in
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plaques. Such upreguliion of FGF1 expression might
be related 10 the presence of renetive ustrocytes rather
than B-am¥loid protein deposition [8,9]. Recent studies
suggest that FGFI wpregulittes APOE synthesis and

HDLy ion in reactive astrocytes in
an autocrine or paracrine manner, and exerts its effect
after centrul pervous system (CNS) dwnage through
APOE secretion [19,11]. Besides, e fuct that FGFI ex-
pression is lower inn the hippocampal formation than in
motoneurons suggests thit FGFI contributes to the se-
Tective vulnerability of neurons in the entorhinal cortex
in AD, and ultered parterns of FGF| immunoreact
mity play mn important rale in the pdllmpl\wolnglcﬂ]
processes of AD [6,12]. The FGFI gene is therefore a
strong candidute gene for AD. However, there are no re-
ports regurding the association of FGF| gene polymor-
phism with AD. Therefore, we investigated whether
FGFi gene polymorphism could contribure 1o risk in
a limited subgroup of AD (autopsy-confirmed AD).

Subjocts and methods

“The Ethicx Commiittes of Ehime Lnivendty Schond of Medicine
spproved the tudy prosoco. Paent vere s bied on he
NINCDS-ADRDA criteria for definite £ aml nen-demented con-
trofs were Higorotdy evaluated for u»gmm: paiment wing the

obtained \mh infemied conxent from xubjects in the Chuby and K
are of Sapan. A tofal of (K wnretated fate-onset A D (LOAD putients
tiad been diagnosed previoudy, and 106 controls (outpatient or heal-
thy volnteer) were selected and matched for age and phice of m
dence of the
(sear at the fim of thix study was us follows: & .0 for Ll)-\D
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During sereening for FGF1 gene mutation snd polynworphiv, we
tected 3 common xingle nucleotide polymorphism (SNFY of =1385
GA (€11 r40LTY in the promoter region. Vi polymomhisen could
eaxily be detecied by PCR-RFLP niing the restriction enzsme Hha,
where G und A, with respective frequencies of UGS und 1.35, were

M k234 3 67 8 9

Al Size Marker
G0, 8 Y
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A 1,4

Fig 1. Promoter polymurphism of FGFL After smplification, PCR
products were digeed with Hhit and DNA wax detected ufter
deciruphoreds on T4 agirowe gels. Three genotypes of —13§5 GIA
(hat polymiorphismy are shown: genotypes GO (tanex 3, 3, 5, und 9,
A (Banes 6-8), and AA flanes | and 4).

Rosults

The PCR results were scored by two independent in-
vestigators who did not know whetlier euch sample wus
from a cuse piient or 1 control. No intracbhserver vari-
ubility was found on repeited readings of the sume gel,
and the interobserver vrinbility was less thun 1%, All
winbiguous samples were unilyzed o second time,

The distribution of the three genotypes (GG, GA,
und AA) reached Hurdy-Weinberg equilibrium, The G
allele wus found in 75% of the 100 LOAD patients
and 637 of the 106 control subjects. A significant asso-
ciution wits observed between the — 1385 G/A palyinor-
phism and LOAD {(p<003; Tuble 1. We then
exumined the GG genotype as a risk factor for AD, con-
sidering the APOE status. As expected, APOEsd con-
ferred un increased risk for AD [odds rutio
(OR)=5.19]. OR in homozygotes for the G allele wus
202 95 cm\hdanm intervul (C1) 16~3.52}. Howev-
er, the risk-i effect was smaller for —1385 G

obsersed i our Japanese contiol popubition. The
was umplified by PUR with the primers FGFI-F (50
AATTCICCTGCCT-3) wnd FGFI-R (S-CCACTTCAAUGOUATT
ATAGIG3Y. PR was curried out in s 2544 reaction volume con-
taining standand seaction buffer {1.SmM MECL, SomM K1, und
MM Thx-HU), pH 8.3), 200pM exch NP, M cach printer,
051 Toy DNA polymerace und SUng genomic DNA ax u template
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product xize wax 355bip, and the (4 alfele wax digested by Mhot 1o
53= 141 = 160 b, und the A alicke 10 53 = 3U2bp. DNA was el
phoresed an 2% ugaruse yebs and vimatized with ethidium bronide
studning wnder L'V light €Flg. 1), To investigate the contribution of the
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LOAD und noml contral xubjecty. Becawse A  rivk factor
for AD, we strutificd the popufation by €4 cimier satu. ALOE
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genotypic freguentiex were compired by 2° fext with the vafues pre-
dicted by the ovwmption of Hundy-Weinberg equilibrium in the
wample. Valtex of p< 05 were convidered significant. Odds rating
swere calentted with two-taled p vafiex und 95% confidence infervals.
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GG genotype. The GG genotype alone showed an in-
creased risk (95% C): 1.81—7.69), and OR for APOEed
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To dute, some polymorphisms of the FGF) gene
have been reported (o ussocine with intrucrunial aneu-
rysm {17]. However, functionyl role of the haplotype
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COMH]1 analysis and linkage study in
two Japanese families with Cohen

syndrome

To the Editor.
Cohen syndrome (MIM 216550) is an auto-
somal recessive disorder associated with mental
rc&ardnliun‘ chamctcrisuc facial _appearance,
| dystrophy and neu-
!ropcnm (l . We previously reporied a Japanese
family with Cohen syndcome and pointed out the
presence of two clinical phenowypes of Cohen
syndrome: Finnish type and Jewish type {2).
now called non-Fiunish type or Cohen-like syn-
drome {3). Differential clinical findings in two
1ypes were retinochoroidul dystrophy and neutro-
penia. which were only observed in patients with
Finnish type of Colicn syndrome {2). Over 100
cases of both types have been reported world-
wide, presenting o wide spectrum of clinical
featares (4-10). However. clinical phenotypes
were homogeneous in Finnish patients and distinct
diagnostic criterian for Cohen syndrome have
been proposed (3, 4).

“The locus for Cohen syndrome was assigned to
a 10-cM region in 8q22-g23 by linkage analysis in
Finnish lmmh‘s 5). Rcl‘ncd linkage studics huw:

d the |

of Coben synd
DNA marker loci DBS[XOX and DES346 (6)
Recently. o movel gene, COHI, was reported
as a candidate gene for Cohen syndrome by
Kolehinainen et al. (7). They screened COHI
mutations in 27 Finnish patients and five non-Finnish
patients with Cohen syndrome (7)., Nine different
mutations were identified in 31 pations. but 26 of
27 Finnish patients reported (o have the samie
mutation, 2-bp deletion (€.3348-3349delCT) in
exon 23 of COHI, which in 15 patients occurned
in homozygons and in 11 in heterozygous form
(7). Since then, over 50 differenl muntions in
COH! have been reported in patients witli Cohen
syndrome (8-16), and allelic heterogencity in
COH! suggested cfinicat variability in Cohen
syndrome (7-10). However, another genelic hetero-
geneity miight exist in patients with Cohen
syndrome, because one Finnish patient with
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Cohen syndrome did not have aoy mutations in
COHI (7).

We carried ont COHJ analysis and genetic
mapping in two Japanese fumilies with Cohen
syndrome whose clinical features were swnmac-
ized in Table [. Two affected brothers in family |
were born from con nbumeous healthy pareuts
and hud lyplul du al features of Cohen Syn-
drome § athy and
{Table 1} (3). U\mg divect sequencing from lym-
phoblastoid cell RNA after reverse transcription
polymerase chain reaction and genomic DNA. we
identified a sovel tmutation, 2-bp deletion affect-
ing codons 1936 and 1937 (c.5808-5809dcITA} in
exon 34 of COHI that leads to # frameshift and
prematee stop codon 11 amino acids down-
stream in family | (Fig. 1, al). Funtbermore, two
affected brothers in family | were homozygous
for the same haplotype of five polymorphic DNA
markers, D8S506, D851789, DIDSSY, DES546
and D851762, in 8¢22-q23 (Fig. 1. bl).

On the other hand. two affected siblings in
family 2 were born from non-consanguineous
healthy parents and bad clinical feutures of
Cohen syndrome, but they did not have micro-
cephaly, retinopathy and neutropenia (Table 1),
No mutations in COHT wete identified and haplo-
types of five DNA markers were different in
two siblings in family 2 (Fig. 1. b2). These data
suggest that clinical features are not associated
with COHI in family 2, because D8S1789 is
tocated in intron 33 of COHI.

Kolechmainen et al. {9) reported that DNA mar-
kess flanking COA! were not linked. with clinical
features in four of 12 families with Cohen-like
syndrome. Most patients with Cohendlike syn-
drome did not have retinopathy and neuiropenia
{9). Hennies et al. (B) also suggest that early-onset
myopia, retinopathy and neutropenia are e
tial clinical features in patients with COHZ muta-
tions, These data suggest that Cohen-like
syndrome is caused by differeni gene(s) from

10. Faik M), Feiter HS, Neitson DE ¢t al. Cahen syndiome
in the Ohia Amish. Am J Med Genst 2004: |128A:
23-28.
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Table 1, Major chnical featurss of Japeness patients wilh Cehen syndrome in two famfias

Farniy 1 Fariy 2
Clinical characietistics Sib $ibting 2 Sivting 1 Sitting 2
Age axawired {yzars) 21 15 15 13
Gendar Halo tase Malz Famalg
Growth and devslepment
Psyghomator resardatien + + + +
Shart staturs (SD) ~12 ~1.4 -53 -3
Truncal obesity + + + +
#ild bypatonia + + + +
Cheelu! disposition + + + +
Craniofacigi mantissiations
Microcephaly (SO} -20 -2.0 -10 +1.7
Thick eyelrows + 3 + +
Prominent (eot of rose + + + +
Cuoem-stanted syss - + + +
High nasal bridge + + + ES
Short prifirum + + ¥ M
Prominent uppar cantral incisos + « + +
Doen moutn + 4 + +
Limiss.

Longfarraw hands and foat

Hyperextensiblo Joints
Ophthaimutogic fmdings

Progressive hypel myspia

Strebismus

Retinachoroldal dystiophy
Periphesat blocod cc\m:s

Grandlocytopent 4+ + - -

[y e ) 3000-0200 3300 £280-7140 3%00-5980

Buoided entilles have tha frequency of ovar 0% in Conen patients reported by Kvilie-Katlio and Norio (4).
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Fig. I (a) Sequenco analysis of a portion of oxon 34 of CORY in family 1. (1) ¢.5808.3809deITA in exon 34 of COH in wo alfecred

siblings. (2) Normal sequence. (b} Pedigrees of Jausliey | 1) and 2 (2) wit

haplotypes at marker oci mapped to Colien synirame on

chromesome 8, Solid syuares and cirels shaw individuals with Cohen syncdrame, open circle shows healihy sister and half-solid
squitres and circles show obligete carriers for Cohen syndrome. Beld genotypes indicate the DNA marker, DASI789, in COM1

COH1. The DBS1789 is the most uselul DNA
marker for linkage study of Cohen syndrome
prios DNA analysis of COHI in I'nmxlu:s with
Cohen and Col
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Identification of
Hippocampus-Related
Candidate Genes for

Alzheimer’s Disease

Keiko Togucld, MD,! Hidehisa 1. Yermagaa, MD. D2
Wangrao Zhosg, MD,' Kouzin Kam PhDD.?
Hizugasu Abarsu, MO, PAI By T D, B
Tabayuki Yamaraow, MD, PADS
Kenji Kasoka, MD, PhD.* Masatushi Ta
Tuko Kando, MO, TAD wnd Tuure Mi

ML, BhD,
MD, PR

Alsheiter’s disense (AD) is # complex suleifactoriaf dis-
case in which many geoetc and eavironmentsl factors sre
tavolved, We performed m wsodutlon sedy osing 376
AD patients aad 376 control subjecs, We studied 35 sia-
ge sudentide polymusphisms in 35 geaes thut wese dg-
nificantly downregalstal ot upregadated voly in the AD
fippockmpus compared with control and fhand that 9 sin-
gle nuckatide polymorphims were amodated widh AD,
Our duta indivuted that single anlrotide pofymorphisms
could kighly reflect differeoces in gror expresdon, Far-
themmore, a0 dntroole polymotphism (993T/C) In
POU2ET was most slgnificantly sssnciaed with AD {p =
0.0007). Qur resnky suggest dhat POUZEY bs w candiddate
gene far AD.

Ann Neural 2005:57:585-548

\Ill\l MIH 300) is 2 nenrode-
; by ive men-
ay \m::mmem and ewsitiple cognitive eficits in mid
to late tife.! 1ts pathological halimarks consist of new
citic plaques and nearofbrller s in th cbis
cortex, accomy -4 hese neuro-
pathtogical fimdings are pnm'.in.‘ t in the tempoal
neacorter and hippocapas. o date, four genes have
been exrablished to he aodated with AD phenogpes,
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jnciuding the amyloid precursor protdn gene, apoli-
poprotcin £ (Ao} gene, and presenitin 1 (PSENT)
and proseailin 2 {PSENZ) geres” e mejority of fa-
ALY cases are associated with PSENT muratnns,
and the nsjaricy of sporadic cuses are rahued to Apats-
4> It has hecome clear that genetic and envison-
mentat factors are involved in the pathophysiclagy of
this discase, but it remains unclear how these fictoms
combine and whimately dezd to the nerodegenerasive
prvcess. 2

Recent advances in 1
have demonsired thar single audl
phisms (SN2 are a vahuble tool for
generic basis of discase. SNI's may be used
itional cloning studies, bur abo geaome-wide asso-
dies” Previoudy, we repaned significanily
tared or davnzeguiated gene epresson in the
ppocimpu wing & ) DNA k-
-,"“ The most up.a_;u.ma gene proved 0 be

weat impartaice w identify
ease susceptibility or progression.
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Results
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Phic: in our smples (d
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uinad for che

reached Hardy-¥

show
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OF 17 SNDs wi "

tested, $ (POUFL, MYHS, (D3

sigrdficane associacion w

upregulated gene
1,

ciztion with
tons of each S\’

are shown i T

Among thems, we
the POUZET +994317C po
00007, p

control wubjecrs and (.15 in 4

= 0.

6, L

-

not shown}. We analyzed che

ution ob-

tieats and conteo) \ub;ccm almost
winberg equitibriam,
d gene expression

e patients and control subjecs

und 2 strong associatian becween
rphisma and AL (p =

3 after Bonferrani comection). The
alidic frequency for POL2E] +994%) was 009 in

fents. Afier the lo-

gistic regcession analysis, s resessive maddl provided the

Takle 3. Relative Risks for interaction Between APGEd and +99437 i POU2R

AD A Ol
Cuses Camrols 93%C1 Cases Contrals Ratin 939001
GIIBTIC APOEES
non-TT 365 374 - 193 37 Reforencs —
T7T 1 2 1 + 183 59 509 361-7.18

APOER4 9943T

45
- + 46
+ - 130
+ + 53

AVOER4 {+), nie 6 vwn copries of 24: AT'OER4 { ), ne coples of 24, 95396 L conlidence inwrval.

10 promoter activizy. +994319C niay be che repreven-
ative marker that influences gene expression. Our dara
. "

Also, axensive
the same genes, differenc pol
ple size are requisad to dari
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using different
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the role of
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Increased incidence of dementia with Lewy bodies in patients carrying

the e4-allele of apolipoprotein E

Hiroyasn AKATSU,' Kouzin KAMINO,? Hidehiva YAMAGATTA, Dalsuke ISOJIMA,' Ikuks RONDO,
Tukayukl YAMAMOTO,! Tomuyuki KIDA,” Masatoshi ‘TAKEDA, Tetsuro MIKI* and Kenjl KOSARA'

i e Abstract
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the

Background: The apolipoproten <4 (APOEA) atlela is a risk factor for Alzhe-
Imer's disease, but It remains undetermined whather this aflate 1o related to

and iwie Medigne  Chime
ity Scho v Mosticice, Ebinee, [
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Cverapendenr. e L liropas: Aat
Tnstitee,  Frbeshisne.
fo

ojubon e
Restoel 7 fuly 2004 accopied 17 A

of tangtes (NFT} and the fomia-

tlon of Lewy bodles.

Mathods: i the present study, we examined the retatioichip between these

1544, Az changas and the AFCES allate in 255 consecutive neuropathologically dizg-
24, Jgran. nosad cases, APOE genotyping was caried out by the polymierasa chain

: reactlon-restrition fragment length polymorphisn: method.

Results: Maarly all our cases of dementia with Lewy hodles [DER} showed

the commion form, kaving nimercus senils paques Iy the cersbral cortex
and NFT In the pazbippacampal and hippscampal mgions and wers also
asseclated with the APOE4 allels. Linibie neurofibrilary tangle dementia

NTE,

Key wordse Alzfciume's disease, apelipoproein
cenberl annpluid et with Lewy
Do, ivbic vewng e dewncrs
wusadar demeis.

allelp,

INTRODUGTION

Apalipoprotein E (APOE) is one of the major compa-
nenis of cirulating lipoproteins and parficipates in
the regulation of lipid metabalism. it exists as E2, E3,
ardl E4 isolorms, which are encoded by the APOE).,
APOE3 and APCE4 alleles of APOE. mspectively.'
Since it was first noted that the APOE4 allele is a risk
factor for Alzheimer's disaase (AD) and ihat APOE4
interacts with [l-amyloid (Af)*~ APOE has been a
fozus for research on the etiopathclogy of nauroda-
generative diseases, especially AD, from the stand-
point of its rale in hp;d metabalismin the brair, as well

Concluslans: Tha APOE4 al
disaase and censtral amyloid anglopathy, but ot for LNTD.

sracterized by the presance of NFT by limbic arsas 58 wall 2o the
absence of senis plaques, ¢k not appear to ba asscciated whh tha APCES

215 arisk factor for DLB as well ag Alzheimar's

been no study which has examined the pathologicat
changss in terms ol the relationship between the
APOE4 allele ard the production of Lewy bodies and
tau phosphorylation.

The association between APCE and A deposition
in the AD brain remains coniroversial. Using an ani-
mal maodel, interesting evidence was obtained show-
ing that APOE directly interacts with AR." However,
from the viewpoim of cholestero) mesabolism, i is
plausible that a risk posed by one of ithe APOE
genotypas could be balanced by positive effscts in
normal membrdr\e repair, since human APOE3-

as in A The APOE gerotype has also
A analyzed with respecs 1o its association wik:
) i (FTD),* ia with

Lewy bodies (DLB)L* the neurofibrillary tangle (NFT)
predominant form of senile dementis,” and progres-
sive supranuclear palsy (PSP} However, there has

24

from human AP knock-ir:
mma can supply cholesterol to neurons to a greater
extent than APCE4-expressing aswocyies." As for
the mormphalogy of AB depasits, there are two forms;
senila plaquas (SP) and cerebral amylald angiopathy
{CAA). CAA is characterized by the deposition of AR



Demeotia with Linvy hodiesand APOEZ

an cortical and leptomeningeal vessel walls, and this
Ap is thought to ofiginate from smooth muscle
calis, " On the other hand, another study showed
that in AD, AR ac lates ir p

into past and present ifresses. Written informed
corsent was cbtained from each individugl, aczord-
ing to a protocal approved by the Genome Ethical

fluid drairage pathways of the brain." I addition.
APOEZ and APOES isoforms prevent hlood-ta-brain
transport of AB," suggesting that APOE4 enters brain
ricrovassels and parenchyma as a stable complex
with soluble AR, reduces peptide degradation and
might predispose to cerebrovascular damage, and
possibly erhance amyloid formatior: urider patholog-
ical corditions.

In the presert report, fo examine ihe risk that
APQE4 might pose in the development of neuro-
pathological changes, we analyzed APOE genolypes
irs Fukushimura Brain Bank (FBB) samples examinad
nevrcpathcdagically for evidence of AD, DLB and vas-
cular dementia (VD))" Based on siatistical analysis,
we reported ralationships betwean APQE ganotypes
ard the major forms of dementia.

SUBJECTS AND METHODS
Patiants
Tie 255 casos examin sd in ll\e present study were
d of patien in Fukushinwra
Hospital, Toyohashi, Japar. All of these patients were
cognitively evaluated by neuropsychological testing,
using such tests as the mini-my state examina-
tion (MMSE)?* and Hasegawa's dementia scals
(HDS)** or the HDS revised version (HDS-R),2 which
is commorly wiilized in Japan. We also recorded
irterviews employing a comprehensive questicnnaire
covering  psychological and medical

o2 itee of Osaka Uriversity Graduate Schodd
of Medicine, Gsaka, Japan. These populatior-based
ror-demented controls {(FBC) corsisted of 174 men
and 213 wamen, with a8 meanSD age at blood
drawing of 75.3 years 5.0, range 63-92 years,

Autopsy and sampling of braln fissues

The brain was removed at autopsy, weighed, cut
mxdsagntaliy and exarpined for vascular ard other
ach 5 bie lesions. § for
diagrostic examination were taken from the hemi-
sphere showing abnormal findings by compuied
tomography scanring, or from the left hemisphere
when na diffarence batwaen the left and the right was
feund, and fixed in 4% paraformaldehyde (PFA) as a
kemisphere block. The other hemisphere was divided
into saveral regions. Some samples of lasions were
frozen for further analyzes and stored at -80°C, while
other areas were removed and fixed in 4% PFA for
immunchistochemical anadysis.

Sarnples for diagnostic puposes wers taken from
the frontal, temporal, parieta) and occipital lobes, hip-
pocampsl formation, amygdala, basal ganglia, thala-
mus, and the midbrain inchuding the substaniia nigra,
pens, medulla, and cerebelfum. The specimens were
embedded in paratfin and processad into §:m sac-
tions for conventioral histological and immunohis-
tockemical examiration.

N f criferia

chrotic condifians, ireatmerd, and activities of daily
living. Autopsies were carried out at Fukushimura
Hospial, from Oclober 1980, and APOE genotyping
was perfonmed using DNA samples exiracted from
dissected brain fisstes obtained bstween Januaty
1693 and July 2002, affer obtaining the agreement of
the patients' guardians for use of thess tissues for
the purpose of diagnosis, research and genetic anal-
ysis. The presem study was approved by the ethics
committer of Fukushimura Hospital. The patients
consisted of 122 men snd 133 women, with a
mean S0 age ai death of 82.3 years $8.5, range
44-102 years.

To obtain nom-demented contrals, elderly individ-
uals ware recruited in Suita City, Osaka, Japan, and
evaluated by a questionnaire that inclided an inquiry

Specimans were stained using hematoxylin-2osin and
Kiuver-Barerra staining methods. Methenamine silver
(MS) staining was us@d to datect SP, CAA and l\ »
Ubiquitin, AR and tau-immur
methods were also used when necessary. When samv
ples wers positively stainad by MS shnmrg. secllant.
were also subjected to an immy
assay for detection of CAA using monocional anti-Af
1-40 snd 1-42 antibodiss (BL, Fujioka, Japan) at a
difution of 1:1600 and a standard ABC method. Using
5 and CH staining and we diagnosed diffuse and
widespread CAA affacting the entire carebral wea.
The pathological diagnosis of AD was carried out
in accordance with the Conscrtium to Establish a
Registry for Alzheimer Disease (CERAD) criteria
guidalines.

Dumentia with Lewy bodi A AP LA

RESULTS

Frequencles of neuropathological findings

The ireqbnmxes and mean ag}es at death of the reu-

ps are summa-

rized in Tablez WI‘I" the FBB samples, the main
al d were

(cerebra] infarcis and hemorthages with or without

dementia; 4496}, AD (35%) and DLB (12%). Two types

of diagnostic charges wen noted i 38 cases, and

threa types were observed in or:e case {AD pathology.

amyloid angiopathy and irfarction). Twanty-four

patierds (9% were diagnosed with disorders such

as carebral arleriosclerosis, NPH or subdural hemor-

thage. Female cases of AD were more frequent than

male r;assw. but no gender bias was noted in mhef

of the main red
dlagnosav. were simifar to those of our previous
raport.”

Frequencies of apolipoprotain E alieles

and genotypes

Sinca only 20 (8%) of the FEB samples showed signs
of physiological aging alone. we used a papulation-
hased non-demented graup of elderly subjects (PBC)
as a refsrence control in comparing afleles and gen-
otype frequencies of the AFOE gene (Table 3). The
genotype distribition of the reference control was
simitar to thas in a previous report.™ As the population
advariced in aga, the frequency of the APOE2 allele
increased and ihat of the APOE4 dacreased. atihough
the difference between the seventh ard the ninth
decades was not significant. 1t was noted that the
APOE2 allete frequency in FBB control brain was sim-
ilar to that of the PBC greup.

Trbla 2 Summary of ths main

subgroup dagnosea”

The FBB samples, as a whole, had 4 higher fre-
quency of the APCE4 allele compared to the PBC
samples P<0.01) (Tshleld). The FBIB group was
sigrificantly diflerent from the PBC group in both
APQE genotype and aliele frequencies (P <0.01),
and this differerce was evident in individuals over
70 years {P=0,002 for the group aged 7D-79 years;
P < 0,001 for that over 80 years) {Table 3). And, the
frequencies of APOE? aflsles were not enaugh, but
ihe APOE2 frequency of FBB group decreased in
older age against in ihat of PBC group. On the other
hand, the frequencies of APOE4 in the FBB group
ware decreased in ihe sarme manner as in the PBC
graup.

Analysls of apoipaproteln E genotypes in the main
neurological groups

th;buhons of APOL genotypes within the main
in Tabl
imquancies of APOE genmypes were Sig
different in the AD (P D.00D1) and DLB groups
(P < 0.005), compared to the PBC group. In addition,
drequencies in the AD group were significanily differ-
ent when compared with the physiological aging
patients (P < 0.03).

Carebrovascular disorders withour CAA showad no
association with the AFOE genotype. OF six patierds
vwith Binswanger's disease, a subtype of vascular
dementia, five had the 3/3 subtyps and one had 2/4,

Agolipoprotein E analysls of amylold-B and
tangle disvases

Apolipaprateir: E genotypes of AD and LNTD are sum-
marizedin Table 5. EOAD and LOAD was linked tightly

Men (9 Viorran (39) Todal (3} Mear + 5D age &t death iyears)
FBE samiies

AD 36030} 54 (41 20 28

DB 14 (i1} 17 (13) 3102

o] 56 (46} 57 (43) 11044

LNTD 2) 2i9) Ix::)

Contol brain 10 8} 10 8) 20

Total 122 133 235
PBE samples 174 213 387

hsty-ght parierms hed two ciaghoses and cie had res, Thereloie, the tatal SUDGOUD percentages were cvar 120%. Bach SUbgINIp percaTiage was

siataamined fom the eatia of the Numoe: of patiris wilh a

scific diagioxs tn tie ttal patent aumber. Twanly-foiie pationts weee diagrosed WEE ntfier
neuropathalogicat dsasses (not s1m). 2Age at time Dluad was H13wn. AD, Aziemer

disease; CI, cerebra infarct; DUB, caniantia wih Lewy dodies: FEB,

Fuktgninura Brain Ban; LNTD, limbic artia; PEE,

tation-tased carol; VD, vaseulsr demertia.
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in addition to scoring according to CERAD criteria,
3P and NFT as AD pathology were quartified, as
describad by Molsa et al** Sections from the midfron-
tal, midtamporal, and angular gyri, as well as immthe
CA' area of the hij and from the
cortex were scanned under a light micrascopsa (10x
abjeciive), and the numbers of SP and WFT per field
{area .82 mm?) were extimated. in the prasert raport,
we separated the AD group into two subgroups; early-
onset AD (EOAD) with an onset before 65 years, and
late-onset A[) {LOAD} viih ariset afier 65 years,

n the wa idertified a new group charadt
ized by withaut SP and termed ihis condition
limbic peurofibrilary tsngls demeniia (LNTD), which
is identical to senils dementia of the NFT type® and
a tangle-predominant form of senile demantia.'" We
have previously reported the diagnostic criteria for
LNTD.®#4" For VD, we usad criteria presented at
the NINDA-AIREN internationat ‘Workshop** Mixed
dementia {MD} can be independantly diagrosed as
either AD alone or VD alone based on clinicopatho-

brain stem and diencephlon. but fewer in the cerebral
cortex. in the neosortical type, numerous Lewy bod-
ies are distribited both in the brain stem and dience-
pahton as well as in the cersbral cortex and basal
ganglia. All of thes2 DLB are divided into two forms:
a pure {form and a common form. With the commorn
form, numeraus SP can be found in the carebral cor-
tex and, 1o a greater or lesser extant, also NFT can
ba found in the i f and hi |
legionis, B, it is not enough 1o diagnose as AD. On
the other hand, the pure Jorm bas arly a few senite
changas or pana at all,

All of our autopsy samples, we classified as coniral
brain that there is no pathological finding only with
physiological changes.

Apolipoprotein & subtyping

DNA of autopsied cases was extrasted from brain

tissues by the phenol-chloroform method. The

peripheral blood of the elderly in the PBC group was
in whes containing EDTA, and DNA was

logical firdings, and is considered a combination of
the two. I the present siudy, we placed it in a sepa-
rate category, Diagnosis of Parkinson's diseass (FD)
was cardad out according w0 criteria propased by
Gt and Lees™ and Calne ef al™

Glinical neuropathological diagnoses of DLB were
made basad on the DILB guidelines® and Kosaka's
classificafior system® Wa classified DUB into three
groups according o Lewy badies distribution as
Table 1. in the brain stem type, Lewy bodies are
located only in the brain stem, that is identicat PD. I
the limbic type, thare are many Lewy bodies in the

axtracte: ing a QtAamp DNA Blood Kit (Qiagen,
Valencia, CA} and stored at 4°C. APDE genotyping
fed out by the poltymsrase chain reaction

3] tricion fragment  lengeh  polyrmorphism
(RFLP) method. according to a procadure reporied by
Wentam et al*

Statlstical analysls

Statistical analysis was carried out wi ih the -
test with Yates's correction and Fisher's exact test
using 2 = 2 tables. A difference was considered sig-
nificant when the P-value was less than 0.05.

Tabia 1 Cistritution of apolipapratein € (APOE} subtypez amang dsmantia wilh Lewy badies (DLB} subtypes comgwed wih normt aging
ond popuiation-based wonlstl FBX) graups
Brow steen {51 o (%) Neooorlc (%) PES (59)
AFOE genotyps
2 ) o 0 103
0 N 0 3282)
0 o o a8
667 ] 7068 20 hrs.n
33 4 G 307 55 {14.2)
o 0 16 308
8100} 11 4100) 1 {100} 387 $ 00y
0 [ [ 37 (4.8)
£ 15 83 13 (82) 7o 572 (870
E ERE] 2116 5237 6216.2)
“CRE atieles 3 and 4 compared te FAT, P < CO5. Parcertages sr6 the frequentias of afiete subiypas in each type of DLE,
2%
FL Abatnes .
Tablo 3 Bistribution of apoiy E AP oach Fukaslirrairs Bealn Bank ian-bazed coatral
(PBC) awen) group!
Age (vears)
<60 8%) 7079 (%) 805 {95) Tota) (95)
APOE genctype
22 0 o o
o 103 103
23 ' 4h.8) 462}
§ k8 28
k23 $ 4.8 2314}
0 3110}
£ 13 (85,6 40615 170 (§5.7)
15 744) 2072 208 (75.7)
s 3{10.0) 16245 62 2. a,
309,07 3 (243} 55 {4
wa 2105 3 (86} 10(3 a}
1046 200 3.8
Total 21 85 288
21 302 87
APOE asle
E2 24.8 8146} 12 {2.5)
184 26 (4.5} 37 {4.8)
E3 31 {38 103 (769 411 {806
25833 sz . 1) 673 (6700
2 D@Le
5{143)

IPercentage e the iequontles of 2ubtypss (e sach s Goug.

Tabla 4 Distibuticn of apalipopratein E {APOE) subiypea according 1o the main reurpathologlos: Fukushirmera Brain Bk (FBB) Hindings

campared with thosa of the nopulation-besed cortro! PIBC) group

Ap oo /et Control brain BB totel PBC
APQE geanciyne
e 9 9 0 [ 13
3 14) I 815) 200 105 52(8.2)
24 141) 9 2 ) IR 3 (0.8)
3 24 (33 20088 85 (751 14479) 150 (61 293(75.7)
v a7 41} 10.(32) 187 400 62 94.3) 55(14.2
s 788 i) 10y o 9] 0.8)
Total 90 {130) a1 (:00) 13100} 20109 387 (169}
AFOE aisle
£2 241 9 e 215 37 (6.9
£ 426 {70y 50 {81} 195 {85} 34 (85) 411308 673 (87.0)
Ed 52 29 1218 23 {0} 4ua {15.9) 64(8.2

“AD alleies B an! 4 campeied ta 2oy atienls. £ < .02 ang PEC, P <0001
"Percantages rprese e equancy of aach irelirg, AR, Alzbainiers diaase:

to the APOE4 allele in comparison vith tha PBC graup
P < 0.0001). tn addition, compared with our physio-
logical aging samples, eight casas with diffuse and
widespread CAA affecting the entire cerebral area
showad the highest association (data not shown).

On the other hand, though the rumber was only
four, LNTD, a kind of had no d

‘Domontia with Lawy Boches ahieles 3 and 4 tonipared to PEC, F 20905,
X rot: DUE, dermentiz witn Levy bodes; VO, vascalar durentia,

Apolipoprotein B analysis of dementla with Lewy
bodles subtypes

The DLE group did ned show as strong an asseciatior:
with APOE genotypa as the AD group. A significant
difference in the APCE allsle frequencies in the DLI3
group was noted, however, when this group was

with APOE4 aftels (Tsble 5).
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d with the PBC group (P = 0.004) {Takble 4).
According ta ihe standardized criteria,) 31 DLB
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Teble S Distroution of epofipoproteln £ {APOE) suolypes of

petlerts with AR ancior NFT deposition diseases comprred with
FBE normals and PECT

LOAD %) EOAD{%}  LNTG (%}  PRC(%)

AFOE genotype

2 3

3 9 100.3)
2 1) o 9 32 (0.2
4 1i1 o I3 306
w3 28 (50) 543} a(7s) 298 (75.7)
w8 31 (82) 6443 1 (28) 55 (14.2)
a4 5 6) 2414 9 3(0.9
Totol 76000 14 (00) Ao 37 (103

AFOE ricle
(X 201 o 9 o7 (3.5
Ea 108 () 16 54) 7188) 673 (B7.0}
E4 szger  aeger 4 (12) 84 (6.2}

“#ll APOE aitefes 11 LOAD paient compared io aging pelients,
to Sea contcle. £ 20901, “*Ai APOE alkies in EDAD patie
o aging paients, <005 21 tG Sua canies, F < 0LI1. ¥
tha hespiency of 2ach 3ubtype to e tota! rumoer of
4D, say-taset of Aznelmer's dsease LNTO,
y tanga dementa; LOAD, lare-aset of AZhesmer’s Gia-

cases were classified irfo nine cases with the brain
stem, 11 with the limbic and 11 with the neocorti
types (Table 1}. All DLB cases except for two with the
b slem type bad the common form of DLB wif
AD pathology. The frequency of the APOE4 allele in
the reocortical type of DLB was significantly higher
than that in the PBC graup (P = 0.639). and the same
terdency was seen in both the brain stem (17%) and
mbic (18%) types.

DISCUSSION

Sirce 1993, it has been known that having the APGE4
allele places an individual at Increased risk for
LOAD.>* However, its frequency varies according to
ethnic background,* such as among Caucasians and
Japanese ™ Evans et al.* reported that the frequency
of the APOE4 allefe is kigher ir black ions than

fess fraquent in centenarians than in sontrols. The
APQE? allele, in contrast, has been pasitively assaci-
ated with advarcing age.” in our reference controls
({PBC group), the ratio of the APOEZ allele increased
with age ard that of tha APOE4 aliele decraased
(Table 3). However, an interesting and deceptively
canflicting finding with regard o the APOE4 allele was
that {he ratio of the APGEH aliele al younger ages was
higher thar that of older people, even in the PBC
group {Table 3), This was because tha group of
younger subjects might have includad nomal par-
sons who might aventually davelop AD at some fiture
time. The APOE? allele was seldom found in our FBI3
samples, and we were unable to detest any parifcufar
tendency. Although the number of normal aging FBI3
samples was limited, the APOEZ2-posiiive cases
included orly patients over 80 y=ars of age. This sup-
ponts the findings of a previous report™ The nommal
FEB samples showed the same tendercy as the PBC
with respect to the AFOE4 alfele, Because 35.2% of
FBB samplas revealed same form of AD pathology,
tha fraquency of the APOE4 aliele in the toial FBB
group was higher {16.9%) than in the rommal group
{Table 4). But even in owr FBB group of which 35.2%
showad AD pathology, the presence of the APOE4
allels might not only represent an AD risk factar, but
might also influence longevity, as in the PBC and
normal FIBE groups (Table 3).

On the other hand, one cannot make compari-
sons related to the age at death of FBB patients
and the age at blood drawing of PBC. The
mean:=SD age at death of the patient group
(82.3 years 18.5) was obviously higher than that of
the PBC group at blood drawing (75.3 years 45.05.
However, the allele and genotype frequencies of
the PBC woup could be considered as reference

data on uaparlm»{; elderly since this group was
tation-ba

amorg Caucasians, but this higher frequency is not
assoviated with an increased risk of AD. Cur results
showad that the frequencies of the APGE afleles in
the PBG group were similar to those of a Japanesa
papulation investigatedin a previous study,™ It seems
reasorable to consider the samples used in the
present study as representative of the Jspanese
elderly with respect to the irequencies of APOE
genotypes.

It has besn noted that the APOE4 allele, which

Threrefors, dlela and genotypa frequencies of tha
patient group or subgroups differing by diagnosis
could be compared to those of this non-demenied
cartrol graup.

With respect to dementia, the frequensies of APOE
alleles in AD and DLB wers significantly diffsrert from
those of the PBC group (Table 4), and analysis of
allzle subiype fequencies in bath the diseases
shawed interesting results.

Compared with our 20 control brains and FBE,

p ath is significanily  percentages of the various subtypas in EOAD and

2%
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LOAD patierts were very different, These differences
have already been discussed in previous reporis from
1992 Amony the patients who had CAA, the APOE4
aliele tended to have a strongar correlation with CAA
than with AD data not shown} bast this will be ana-
lyzed in detait at a future time.

The phosphordated formn of tau was moere promi-
nent i cases of familial and sporadic AD which wera
positive for the APOE4 allsle and its amounts
increased with the gene dose In an in vitro study,
the authors reporied that isoform-specific interac-
fions between APOE and tau might be impartant in
the regulation of intraneuronal tau metabolism in AQ
ard cauld alter the rate of formation of paired helical
filaments (PHF) and NFT* in our study. we did nat
aralyze comelations bstweer: the frequencies of
APOE allefes and the quantity of PHF/NFT in AD o
LNTE, but we did note that the APOE genotypa was
not a risk factor for LNTD {Table &), which is a NFT-
anly dementia without significant numbers of either
diffuse amylaid or neuritic plaques. This would be
in agreement with Bancher efal. who stated that,
although the APGE genotype is riot a sisk facior for
LNTD, LWNTD patients would have APOE4 allsles,"
would be AD. We have anly a few awropsied cases
with cormmon tauopathies such as PiD, PSP and cor-
ticobasal degeneralion (CBO). Therelore, we could
not siatistically examine any sonelation batween tau
phaspharytation #nd the AFOE4 alfele, But, according
to our resulis on LNTD and FiD, APOE4 might not
irfluence tau formation.

Dementia with Lewy bodies is the second most
frequent neuradegenerative demantia, following AD.
Among our FBB samples, 12% had changss charac-
teristic of DLB. As a whole, our DLB group had a
high frequency of APOE4 (Tabla 4) and compared
with the PBC, the differance was satisticalty sigrifi-
aart (P <0.01), Using the previously established
guidelines, DLB sarmples were classified into a
brain stem type (nine cases), a limbic iype (11 cases)
and a neosortical type {11 cases) (Table 1). Only the
neacortical type showed a statistically significant
relationship {P < 6.05) with the APOE genotyps, but it
should be recagnized ibat ihe single 4/4 naocortical
DLB sample would have a strong infience on the
restlt. This case also had CAA changes. in a sample
camparison, however, the frequencies of afiele 4 in
our normal aging group was 10% ard in the PBC
group, 8.2%, compared to 17% in the brain stem,
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18% in the limbis and 23% in the neccortical type of
DLB. Each group of DLB had a higher APOEY allsle
frequancy than the normal groups. n our previous
examination of Yokohama City University samples,®
38% of those with negcortical DLB had the APOE4
aflele. Another Japanese group reported that the fre-
quencies of tha APOE4 afiele in AD and DLB were
simitar® I addiiion, Wakabayashi etal analyzed
Lewy body pathology with respect 1o APOE affefes
and concluded that when PD ocows in APOE4-
positive individuals, thesa patients concomitanily
develop corticsl Lewy body pathology which in a
proportion of cases results in limbic (transitionsl) or
neocorical-type Lewy body disease.” Wa also found
that tha frequency of the APOE4 allele increased
going from the brain stem type to the neocortical
type. However, all of our fimbic and neocortical DLB
cases were of the common form. Among our six
cases having the brain stem type with a 3/3 geno-
type, two had the pure form of BLB and four had the
common form (Table 1). Al three with the APOE-3/4
genotype had the common form. This endency
reflacted AD pathology. In: the repart by Wakabayashi
ot al.'* samples positive for the APGE4 allele had an
increased Lewy bady density, and the plague density
was alsa high. Lewy body disease without sorcomi-
tart AD) pathalogy {pure form) (2= 12) has alsa been
analyzed and the APQE4 allele frequency was found
not o be signifcantly increased.® In in vitro studies
investigating o synuclein as a Lewy body cor
ent, its interaction with lipid vesicles was highly
dependert cn their phospholipid composition.®
However, the participatior: of apolipoproteir: in Lewy
bady formation is ot yet clear. Further biochemical
analyzes and epidemiological investigations of a
sufficient rumber of pure form DLB samples are
nesdad.

in gonclusios, whil kniowr ihat {he fraquencias
of APOE allalss in Japan are different from those of
Western countries, we found that AD and DI.B have
a positive corelation with the APQE4 allele. From
previous reports, APOE interacts with A and plays a
rols in SP formation and CAA development. In the
prosent study, APOE4 was confinmed to be a risk
factor for AD. As for DLB, we mainly analyzed the
common form with AD pathology. Therefore, further
data are neaded in order to determine whether the
APOE4 might also be a risk factor for Lewy body
developmant.
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Swmmary: The effect of genetic polymorphism of human organic anion transporting polypeptide C
(OATP-C) on the tipid-lowering response to 3-hydroxy-3-methyighitaryl-CoA (HMG-CoA) reductase

inhibitors was assessed.

A retrospective study was conducted on 66 patients who underwent treatment of hyperlipidemia with
b

HMG-CoA red: inhibitors ina

hospital ina

d cohort of Ehime prefecture

in the southern part of Japan. Plasma lipid concentrations before and after administration were analyzed
in patients in relation to the 621T/C (Val-174— Ala) polymorphism in the OATPC gene (TT: n=d4
(66 7‘}’), TC: n=20 (30.3%), CC: n=0(0.0%), undetermined: n=2 (3.0%)). Total cholestero} level was

lowered after

with HMG-CoA reductase inhibitors in all patients (p<0.001);

moreover, subjects with the 521C allele showed an attenuated total-cholesterollowering effect compared
with those homozygous for the 521T allele (—22.348.7% vs. —16.5+10.5%, p<0.05).
These data suggest that the 521 T /C polymorphism of the OATP-C gene modulates the lipid-lowering

efficacy of HMG-CoA reductase inhibitors.

Key words: HMG-CoA reductass iahibitor; genetic

individnalized medicine

Iatroduction

‘The treatment of common diseases as typified by
hyperlipidemia and hypertension gives first priority to
lifestyle regimens such as smoking cessation, dietary
therapy, kinesitherapy, and mmmenance of upnmal
body weight. However, pt is bined

DATP-C;

causes a decrease in intracellular cholesterol levels,
resulting in upregulation of low density lipoprotein
(LDL) receptors, increasing clearance of LDL-
cholesterol, and leading to a further lipid-lowering
effect. The statins decrease blood levels of total
cholesterol, LDL-cholesterol, very low density

with these measures in patients xhowmg low effective-
ness or
A (HMG-CoA) rednclaxe inhibitors (smunx) are now
the most widely prescribed drugs worldwide and are
established as the first-line treatment for hyperlipide-
mia. Inhibition of HMG-CoA reductase, which cata-
lyzes the rate-limiting step of cholestero! biosynthesis,

i in (VLDL)-chol 1 and triglyceride. High-
density lipoprotein (HDL) level is increased to a moder-
ate degree.') The clinical significance of statins has been
established as the class of drug that most effectively
lowers LDL-cholesterol at present. Recent primary
and secondary prevention trials have evidenced that
statins also reduce the risk of coronary heart disease
(CHD)>'2
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decteased from their mean baseline iohs of

hol 1, LDL-chol 1, triglyceride, and HDL-

259 to 203, 167 to 119, and 177 to 126 mg/dL, respec-
tively. The mean serum HDL-cholesterol concentration
increased slightly from the baseline of 58.7 mg/dL to
59.9mg/dL. The mean percent changes in total

Twble 1. Baseline charactesistics (n= 66}

cholesteral concentrations between pre- and pos-treat-
ment were ~20.9%, —28.3%, —7.6%, and +4.6%,
respectively. There were significant differences in the
concentration of total cholesterol (p <0.001), LDL-
cholesterol (p <0.001), and triglyceride (p<0.01)
between pre- and post-treatment. No statistically sig-
nificant  diff was found in HDL-cholesterol

Age (yeanr) 70.4£8.4
Sex (male /female) /49
Body mast index:M (kg /m?) 23.12.6
Drug () Pravastatin n
Atorvastatin "

tatin
Polymorphism of OATP-C () VITMA VY 44 (66.1%)
VA

(p=0.275).

Then the differences in the effect of thres kinds of
statins; pravastatin, atorvastatin, and simvastatin, were
examined. There was no significant difference in the
patterns of change of total cholesterol, LDL-
cholesterol, and FIDL-chotesterol levels. In contrast, the

Ao (3“%3%) triglyceride-lowering pattern differed (repeated meas-
D 123 0;(7) ures ANOVA; p=0.040). Out of the three statins, a sig-
— - nificant dil between si and

N.D.; not detesmined

was found by subsequent Tukey's multiple comparison

Tuble 2. Lipid concentrations in paticnts treated with stating

Pre Port Change
" (mg /L) {mg/dL) m%%cl. Loy P
Total [ TC 25921336 203.7£28.7 —209(-23.3/-18.5) <0.001
19 LDL-C 167.0%39.1 119.14£24.5 ~28.3 (~322/~24.3) <0.001
[+ TG 126.1£61.9 ~1.6 {(~21.6{6.4} <081
° HDL-C 9.9+ 14.8 4.6 (0.1/9.2) 0218
Pravasatin 2 TC 25364335 208,328 —17.5(-21.3/-13.6) <0.001
21 LBL-C 16124323 12291201 'B.D(*Z@.O/‘I'l.ﬂ) <0.001
21 TG 159.1483.8 148.21B6 6.8 (—20.3/33.9) 0.555
20 HDL-C 59.0+)2.8 STSER.2 ~1.0 (—68.0/2.8) 0302
Atorvastatin 1 T™@ 249.5£36.9 19851319 —20.3 (-24.4/-16.1) <0.000
8 pL-C 13921342 219 —M.8(—41/-28.9) <008
1¢ TG 2829 £266.1 139.7+69.8 -1.9 (—38.9/43.1) 0.152
9 HDL-C 56.2%16.0 64.9%12.5 0.7 (- 22.8) 0.05%
Simvastatin 33 TC 2661132 20241282 —2.4(~27.2/-19.6) <0.001
o LDL-C 18021330 1221210 ~302(~36.5/-2.9) <0.001
3 TG 154.8+69.9 106.8133.) = 17.2 (-3 IVD <0.001
0 HDL-C SB8EUA.4 60.0%17.3 7.2 (—04/14.9) 0.582

TC, total dholesterol; LDL-C, low-d:
*C1, confidence interval; UL, upper bimit; LL, lover limit.
D value: sgrificant difference between pre- and post-treatment,

sty lipoprotein cholesterol; TG, trigtyceside; HDL-C, high<lensity lipoprotein cholestercl

Table 3. Association of lipid-lowesing effect by statint and DATP-C potymorphism

Pee Post Change
T821C N (mgfdL) {mg/dL) (9!%%CI, EuLy L4
™ ™ 44 259.4£35.4 200.3£28.7 -22.3 (~25.0/~19.7) <005
@ 20 256.8%231.4 21314283 ~16.5 (—214/~11.6)
LoL-C ™ 13 17012361 118.6£26.8 ~29.0(-336/-244) 0.4
TC 20 158.41463 12,6520 ~12.4 (—33.4/8.6)
HDL-C T a8 3611154 §T0£13.7 1.2 (~66/9.0) 0.74%
TC 20 63.0126.0 64.9£16.7 .1 (-53/21.4)
TG ™ 40 176.7289.0 125.8+63.0 —10.8 (—28.0/6.4) 0.492
TC 19 152.3£973 12764612 31.4(-24.1/31.5)

TC, total cholesterol; LDL-C, low-density kipoprotein cholesterol; TG, trigyceride; HDL-C, high-density lipoprotein chofesterol

*CI, confidence interval; UL, upiper limit; LL, lawer imit,

p vahue: sigrificant difference of bid-lowering effect of stafin in TS21C variant,
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Pravastatin, one of the statins, is widely used in the
of ipidemia. After oral it

it 35 absorbed from the gastrointestinal tract, and then
taken up from the circulation by the liver through or-
ganic anjon transporting polypeptide C (OATP-C).'™4
QATP-C, encoded by the gene SLCOIBI and alsa
referred to as lver-specific transporter 1 (LST-1) or
DATFP2, is a liver-specific multispecific organic anion
transporter that plays a major role in the hepatic uptake
of a variety of end and foreign chemicals.!™"?

DNA analysis: Genomic DNA was extracted from
blood lymphocytes using an extraction kit (QIAGEN
GmbH, Hillden, Germany). DNA was amplified by
degenerate oligonucleotide-primed PCR (DOP-PCR).
DOP-PCR amplification was performed as previously
described,’ with slight modifications as follows. The
PCR reactions contained 4 uM DOP-PCR primer (5'-
CCGACTCGAGNNNNNNATGTGG-3'), 400uM
dNTPs, 2X GC buffer 1, 2.5 mM MgCly, and 2.5 U Taq

In addition to pravastatin, it also plays a major role
in the hepatic uptake of pitavastatin,’ and an inhibi-
tion study suggested that lovastatin, simvastatin and
atorvastatin are potential substrates of OATP-C.'®
Recently, a number of single nucleotide polymorphisms
{(SNPs) have been identified in the human OATP-C gene
by different groups, and some nonsynonymous SNPs
tave been found to alter its transport activities.’>™ The
distribution of OATP-C haplotypes varies among ethnic
groups. The T521C polymorphism is strongly

i (TaKaRa LA Tag, TAKARA BIO Inc.) ina
final volume of S0pL. The reaction mixture was
subjected to an initial denaturation step of 5 min at
959C; then 10 cycles of 94°C for 30 sec, 30°C for 2 min,
and 68°C for 7min (a ramping step of 0.08°C/sec to
68°C); and then 25 cycles of 94°C for 30 sec, 60°C for
1min, and 68°C for 7 min. Amplification was carried
out in a GeneAmp PCR System 9700 (Applied
Biosystems Inc.). Then the DOP-PCR-preamplified
DNA samples were subjected to ExoSAP-IT (Amer-

with the A388G variant in Japanese subjects,”?, while in
European Americans, the A388C521 (OATP-C”5) allele
occurs at a considerable frequency of 14-15% .7, An
in vive pharmacokinetic study in healthy Japanese
subjects showed reduced total and nonrenal clearance of
pravastatin in subjects with the GI8BCS21(DATP-
C*15) allele as with indivi !

for the G38BT521 (OATP-C*1b) allele.”? The reduced
hepatic uptake due to this gene polymorphism may be
associated with a lower hepatic concentration, resulting
in attenuation of the lipid-lowering effect of statins,
since the liver is the target organ of statins, In this
retrospective study performed in Japanese patients with
hypertipidemia in whom a statin was prescribed, the
effect of genetic pelymorphism of OATP-C (T521C) on
the lipid-lowering response ta stating was assessed.

Methods

Subjects: This retrospective cohort study included
3071 subjects in a rural district of Bhime prefecture in
the southern part of Japan. Of these subjects, 101 were
prescribed HMG-CoA reductase inhibitors between
July 1, 2003 and Angust 28, 2003,

Follow-up survey was based on the medical records of
the municipal hospital. The date of first administration
of an HMG-CoA reductase inhibitor was confirmed,
and the data of total cholesterol, HDL-cholesterol and
triglyceride before and after the first administration
were il LDL. 1 jon was

sham Bioscil inc) ing to the m
protocol to remove unincorporated primers and dNTPs
and used to determine the gene polymorphism. The
TagMan chemical method was used to detect the
OATP-C T521C (Vali74Ala) polymorphism. The for.
ward primer was 5'- AGG TTG TTT AAA GGA ATC
TGG GTC ATA C -¥, the reverse primer was 5'- CTC
CCC TAT TCC ACG AAG CAT ATT -3, the T allele-
specific probe was §- FAM- CCC ATG AAC ACA
TAT AT-MGR -3', and the C allele-specific probe was
- VIC.CCATGAACGCATATAT-MGB -3'.
Statistical analysis: AH values are expressed as mean
4 SD. Statistical comparisons among genotypes were
performed by ANOVA. Chi-squared tests were used to
compare the prevalence among genotypes and to verify
Hardy-Weinberg equilibrium. The effect of statin treat-
ment on Lipid values was analyzed by f test for depend-
ent samples. Analysis of variance for repeated measure-
ments was used to determine the significance of differ-
ences in serum lipid concentrations, Probability values
less than 0.05 were considered 1o be significant. Statisti-
cal analysis was performed with SPSS statistical
software (SPSS Inc.).

Resuliz
Baseline characteristics of the subjects are shown in
Table 1. Out of the 66 subjects, 22 were treated with

pravastatin, 11 with atorvastatin and 33 with simvasta-
tin. The allele frequencies of the OATP-C T521C poly-

calculated vsing Friedewald's formula. Subjects who
showed low or no drug compliance in their medical
record were excluded from the analysis. Sixty six sub-
jects were finally available for analysis.

All subjects gave informed consent, and the study was
approved by the ethics committee of Bhime University.

hism were 0.85 and 0.15, respectively, and agreed
with the results of previous reports in Japanese.?
Genotype frequencies were: TT, 66.7%; TC, 30.3%;
CC, 0%; undetermined, 3.0%.
Lipid concentrations in patients treated with stating
are shown in Table 2. The mean serum wncentr:mnns
of total LDL-ck 1, and tej]
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(p=0.010). The peruem rhang.-,s in total cholesteml
LDL. gly , and HDL-ch 1
concentrations between pre- and post-treatment showed
no significant difference among the three statins,

‘The offect of the T521C polymorphism of the OATP-
C gene on the lipid-lowering response to the statins is
shown in Table 3, The serum concentration of total
cholesterol significantly decreased in subjects with both
$21TC and S21TT genotype, from the baseline concen-
tration of 256.8% 31.4 10 213.1£ 28,3 mg/dL and 259.4
+35.4 10 200,34 28,7 mg/dL, respectively. Moreover,
521TC heterozygous subjects showed a smaller decrease
than 521TT homozygons subjects. A significant effect of
the T521C variant was observed in the total-cholesterol-
Jowering effect of statins (tepeated measures ANOVA;
p=0.041). No statistically significant effoct of the
T521C variant was found in the other lipid-lowering
responses to the statins (LDL-cholesterol, HDL-
cholesteral, and triglyceride).

Discussion

Cholesterol-lowering therapy is the central approach
in the primary and secondary prevention of CHD.
HMG-CoA reductase inhibjtors (statins) are currently
the most widely used cholesterol-lowering drugs. Large-
scale clinical trials have unequivocally demonstrated the
efficacy of statin treatment in reducing the risk of
CHD.**? On the other hand, an adequate rednction in
CHD events is not necessarily achieved in all patients
treated with statins 2 Pharmacogenomic variability is
an important determinant of drug response. Assessment
of polymotphic genes involved in the pharmacokinetics
and pharmacodynamics of statins prior to initiation of
treatment may help to identify patients at risk of a low
response. Choosing an appropriate therapeutic ap-
proach for individual patients may be of great advan-
1age not only from the dpoint, but also

This effect jncreases the clearance of LDL-cholesterol
and leads to a further lipid-lawering effect, Suppression
of the synthesis and secretion of VLDL by a reduction
of cholesterol synthesis in the liver also decreases serum
triglyceride. In contrast, the increase in HDL-
cholestero} by statins is moderate,'

Statins are well tolerated apart from two uncommon
‘but potentially serious adverse effects: (i) elevation of
liver enzymes in less than 2% of patients and (if) skeletal
muscle abnormalities, which range from benign
myalgia, which may oceur in 0.5 to 2.5% of patients, to
myopathy (10-fold elevation of creatine kinase with
muscle pain or weakness) in up to 0.3% of patients to
life-threatening rhabdomyolysis. These serious adverse
effects were not recorded in the medical records of the
subjects in this study.

The frequency of the CC genotype of the OATP-C
T521C polymorphism is very low in Japanese (previous
studies reported 0.8% (ref. 22) and 3% (ref. 21)),
although the 521C allele occurs at a considerable
frequency (16% (ref. 22), 11% (ref, 21)). In the total
3701 subjects in this cohort study, genoiype frequencies
were: TT; 2175 (70.8%), TC: 750 (24.4%), CC; 80
(2.6%), and undotermined; 66 (2.1%), consistent with
previons reparts. 2@ Howevez, no individuals homozy-
gous for the 521C allele were witimately included in the
subjects for analysis.

‘The therapeutic eficacy of statins for total-
cholesterol lowering was compared in subjects with and
without the S21C allele. The therapentic effect was
attenuated in subjects with the 521C allele compared
with those homozygous for the S21T altele. Therefore, it
is possible that the rednced hepauc uptake due to lhc
gene pol hi. d with the
effect of statins. Tlus tendency is expected to be more
profound in patients homozygous for the 521C ailele

ding to the results of Nishizato ef al.”? and

in relation to cost effectiveness, since therapentic drugs
far lifestyle-related diseases such as stating are
prescribed over the long term. In this study, the associa-
tion of genetic polymorphism of liver-specific organic
anion transporter OATP-C, which is concerned with the

Mwiniyi ef al.?¥ On the other hand, Niemi ef al. recent-
ly reported no gene-dose effect of the 521T > C variant
on the systemic exposure to pravastatin.® Haplotype
analysis revealed that the haplotype containing the
~11I87G>A, 388A>G and $2IT>C SNPs had a

pharmacokinetics of statins, with the lipid-l ing
effect of statins was examined in a community-based
cohort.

Previons large scale clinical trials of statins reported
18-27%, 25-46%, 10-16%, and 5-8% reductions on
average in serum :nncenuaunus of total cholesterol,
LDL- ide, and HDL.
respectively 12 Oux resuln essentially agree with these
results, Serum concenuaunus afmlalcholestunl LDL-

hol 1, and e, d after
administration of statins, but HDL-cholesterol did not
change significantly. The major effect of stating is
considered tp be the upregulation of LDL receptors.

d eflect on the AUCquzu of
pravastatin, This result suggests that the 521T>C
variant is not the oaly predictable SNP of the OATP-C
phenotype, and haplotype analysis is more informative
than singte SNPs analysis. Further study is required to
elucidate the most effective SNP or haplotype for
predicting OATP-C phenotype.

Unlike pravastatin, atorvastatin and simvastatin have
nat been shown to be a substrate of OATP-C. Since
atorvastatia is administered to patients as the acid form,
it is possible that OATP-C accounts for its hepatic
uptake. Simvastatin is administered as the lactone form,
and it is generally considered that it crosses the plasma
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membrane by passive diffusion. However, simvastatin
undergoes conversion to the acid form, which is the
active form, in the body, A substantial amount of the
active form was detected in the blood circulation,
Therefore, the acid form may be taken up by the liver by
a transporter, presumably by OATP-C. This may
account for the attenuated cholesterol-lowering effect of
simvastatin treatment in subjects with the 521C allele.

Genetic polymorphisms in drug-metabolizing en-
zymes, transporters, receptors, and other deug targets
have been linked to individual differences in the eficacy
and toxicity of many drugs. Therapeutic effect is deter-
mined by the interplay of several genes encoding
proteins involved in multiple pathways of drug
metabolism, disposition, and effects 2® To optimize the
benefits of medication for individual patients, it is
necessary to accumulate clinical data on the association
‘between genotypes and phenotypes for the target drug.
Currently, no genetic polymorphisms that are useful for
the prediction of effects and adverse drug reactions 10
statin therapy are available.™ Our results indicated
that the T521C polymorphism in the OATP-C gene,
which js one of the transporters related to the phar-
macokinetics of stating, affected the therapeutic effects
of statins on hyperlipidemia. Assessment of the OATP-
€ T521C polymorphism could be useful for the
prediction of therapeutic efficacy and the risk of statin
treatment in individualized medicine.
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