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Fig. 1. Serum rexistin levels of eich genotype in ‘I20M and controf
xthjects. Serum redstin levele were measured uxing a huntan seistin
ELISA kit {Linco Research) ax described in Materiuls and methodx.
ting serum samplex frons 198 12DM and 157 control subjedx were
analyzed. 'Fhe datu Tepresent means _ SE for each genutype in either
<control of TZDM subjecty. *Significant diffrence compared to C/C,
**significant difierence compared to C/C or C/G. In controks, ANOVA:
F=1350, P<0.000L, Schefles test £ <0001 betwoen each pair. In
TIOM, ANOVA: ¥ , 1 < 0.0001; Schefiss text 1= 0.0083 (¢/C
W CIGH, 1< 00N (C/C W Q) mnd P = 0.0 (CC v T, When
ull genotypes were combined, xerum rexistin evels were vignificantly
Iugbu in T2DM than control (mesns — SE, controt vx T2DM;
— 0.5 ¥s 151 0.7 ng/ml, Student’s 7 fext; 2 < 0061}, Fuxting
serun resistin lmh were axa increased u¥ the punther of G willex
ined (C/C 102 _0.4,C/
mu GG IL1_ 17 ag/nd, ANOVA:
fio's test: < 0.000} between cach pair).

=383,

wiulyzed. The resistin mRNA level in total RNA from hunsan prinary
cuftured wdipocytes (Zen-Hio, NCJ was quuntitated o described
above, but using three replicute wellx, tocompare rexixtin mRNA levelx
between bumin monocytes and adipocytes.
To exami effect of the ~4X

on serm rexivtin fevels, o Sogle regression unalysis involving the gml‘h

tyve,gender, ge, uge of onset, durition of TIOM, BM 1, mavionm hody
n Hife (arux BMI), or HbA ble wa

performed. A multiple regresion analysis wax then pel(omml wing
oaly the vignificant factors of thexe vuri: . In these regrexsion anul-
yies, the genotypes for —420C/C, —420C/G, and ~4200/0 were
denoted by two dumimy variablex (cl, £3) =(0,0), {,0), wnd (0,1),
respectively. To estimate the effects of serum resistin lovels on TZDM, a
niple foghvic regression analyss adjusted simultancowdy for poten-
. gender, nas BM, dstin. n the loghtic
regrexsion unilysy, the Wald fest g el 0 e satiical \.p..:.
canca. Analysis of vari NOVA
Fige. 1 nd 2A. Student's £ text is uhn u!d in Fig 1 where el
Simpte regression usalysixis wved iny Fig 1

Results
Serum resistin fevels were higher in T2DM

We first compitred serumn resistin levels between 198
cases (SNP-420 genotype —n; C/C — K7, C/G—487,
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Fig T Redstin mRNA fevels in monocytes in heathy volunteers
exivtin MRNA fevels in monocvtex of 23 heulthy volunteery were
yuantitated uxing the fwo-step FagMun RT-PGR method ax described
in Materiufe and methods. ‘The level of huntin rexistin mMRNA wax
normatized by that of hunan GAPDH mRNS in each wmple for
meaningful comparivons, und the relative amounts of revistin MR NA
were delermined by cukentating from the threxbold cydex Resviin
mRNA levels coryected by GAPDH mRNA levels in undifierentiated
THIM cellx ure defined ax 1.{A) Rexivtin mRNA in heatthy volunteers
with each genntype, ‘The duta represent meun _ SE using duplicate
for cach rubject. ANOVA and Schefie’s test were wed for
wutitical analyix, G/C r=9) GG pr=t1), wnd G/G (r=3).
ANOYA: F=R381, P=00018 Schefle's AP 00s and
S <0005 compured o C/C genotype. (B} Correlation between
rexistin MRNA in monocytes and its simmftaneous xerum rexivtin
fevels. Fusting serum rexisiin levelx at the time of monocyte ivlution
were measured ax described in Muteriubs und methods. Simple
segrysion analysix was used for statistical analyxis. Fusting serom
591 uuwxmmm MRNA in monecytes | =

und G/G — 24} und 157 controls (C/€ — 80, C/G — 64,
and GG — 13) (Fig. 1). Serum resistin levels were signif-
icantly higher in T2DM than in controls (means = SE,
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Discwssion

We report hiere that the resistin promoter SNP-420
genotype was associuted with its monocyte mRNA
and seruin Jevels, and that T2DM subjects hud higher
serum resistin levels than controls, A logistic regression
analysis revealed that serum resistin level was an inde-
pendemt factor for T2DM. Therefore, the SNP-410
determines monocyte MRNA and serum levels of resi-
stin, which could induce T2DM

We found that the SNP-420 genotype was a major
determinunt of serum resistin levels. Serum resistin tevels
were highest in the G/G genotype, followed by the C/G
and C/C genotypes. This order was ulso confinned in
report on Koreun sobjects [26]. Huplotypes including
his SNP-420 showed u similar tendency in Jupanese
subjects [41]. We ulso found that resistin mRNA levels
in monocytes were higher in healthy volunteers with
the CG/G genotype. Smith ex al. [38] showed that obese
humun subjects with the G/G genotype lso Luve
higher resistin mRNA levels in their abdominul
subcutaneous fat.

We found that resistin mMRNA in INONOCYTes Wil pas-
ely correlated with seram resistin levels. We also
found that resistin MRNA was more than ~100-fold
Tigher in monocytes than in primary culrured adipocytes
in umans. Whereas it is dominunly expressed in adi-
pose tissues of mice, resistin is most highly expressed
i macropluges in humans [32-34] Therefore, mono-
oytes are promising candidares for the muin source of
serum resisein in lmmans, alikough other regulitory fuc-
tors or secretory tissues could also affect serum resistin
levels,

The association of resistin mRNA in adipose tissue
with serum resistin or insulin resistairce has beeit report-
ed by other unesngdmr: Heilbronn et al. [42] reported
thitt serum resistin is positively correlated with resistin
mRNA in the subcutaneous ddlpme tissue of obese sub-
jects. The fat content in the liver and HOMA-IR las
been alsa reported to be positively correluted with resi-
stin mRNA in subcutingous adipose tissues of abese
subjects [38] A total of four independent reporis huve
shown that the activity of the muiant resistin promoter
including —420G is higher than thue of the wild type
promoter including —420C [6,26,38,4)). Therefore, G
of SNP-420 enhances resistin gene promoer uetivity,
which could increase resistin mRNA levels in adipose
tissues us well as monocytes, leading to whole body insu-
lin resistance.

We huve shown tlit serum resistin levels were ussoci-
dted with T2DM. The serum levels increased with the
aumber of (G alleles in botlt T2DM aad control subjects.
The duration of T2DM und HbAlc was ulso positivel
correlated with serum resistin in T2DM. Serusm resistin
levels have been reported ta be increused or unclinged
in ruman T2DM or obesity [14,26-313 The diserepancy

Dbetween previous reports may be resolved by consider-
ing the SNP-420 genotype as well as the duration of
T2DM and HbAle. It should be noted that serun resi-
stin probubly exists as 4 hexamer (major form) or trimer
(it more biologically uctive form) in mice, which may
also affect the assay results [43]

In summury, we shucidated factors correluted with
serum resistin levels and effects of SNP-420 on resistin
mRNA in monocytes, Fasting serum resistin wus signif-
icantly Digher in T2DM und its independent detenni-
nant. Resistin monocyte mMRNA levels were positively
correluted with their simultaneous serum levels. There-
fore, the SNP420 determines the monocyte mRNA
and serum levels of resistin, which could induce
T2ZDM. It is not presently cleur how resistin induces
insulin resistance in human subjects und whether adipo-
cytes of macrophages are the muin sources of serum res-
istin., Further experiments will be required to clarify
these points,
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control vs T2DM; 152 +£0.5 vs 15,1 £ 0.7 ng/ml,
dent’s £ test, P < 0.0001). Fasting serum resistin tevelsin-
creased with increasing number of G alleles in controls,
T2DM, und both (both combined; C/C 10.2 + 04; C/G
15007, and G/G 2011+ 1 7ng/ml, ANOVA;
F 383, P <0.000], Scheffe's test; P << 000 berwean
each pair, see Fig. 1 legend for the other results).

¥P-420) genotype prismarily determined serum rexistin
levels also increased with fonger duration of T2DM and
higher HhAlc

To examine which factors affect fasting serum resistin
levels, we then unulyzed 198 T2DM subjects {Tuble 2). A
single regression unalysis involving the genotype (C/G
or G/G vs C/C), age, gender, uge of onses, duration of
T2DM, BMI, max BML, or HbAlc as an independent
variable reveuled that only the genotype, duration of
T2DM, and HbAlc were significantly associated with
serum resistin level:

A muliiple regression anulysis involving these thres
independent vasiables showed tht sermm resistin levels
were ~4.4 ng/ml higher in C/G, und ~J0.6 ng/m] higher
in G/G than in C/C (Tuble 3). An increase in 1-year dura-
tion of T2DM and 1% of HbA Je was correluted with an
increase in serum resistin at levels of 0.19 und 0.54 ng/
ml, respectively,

A single regression anulysis ulso revealed that serum
resistin levels were determined by the genotype in 157
control subjects, whereas age, gender, BM1, max BM1,

r HbAlc had no effects (data not shown). Neither
BMI nor mux BMI wus assoefated with serum resistin
levels, even when adjusted for genotype, age, gender,
and HbAle, either in the cases or the controls (data
not shown). Therefore, serum resisiin levels were strong-
1y correlated with the SNP-420 genotype in both T2DM
and controls. The duration of T2DM and HbAle was
positively correlated with these levels only in T2DM.

o2
Simple regrevion analysix 1mohmg g serum s fve ¢ 0
dependent variable in TIDM x

Variabley Paraniter estimute  Stundard error P

cu 436 133 501y
(6] 1021 202 -0.008)
Uender Ifentate) 0.93 133 VARE
Age 007 906 0253
Age of onset -8 006 0145
Duraion 0.24 VOR o2
BMI =04 vi? 0.798
Tiax BMY 0.4 vifi 1.373
HbAte .86 038 4023

Each of genotype of SND-42, gender, uge, age of onset of T2OM,
durstion of 17DM, BMI, nrax BM, and HbAlc wax involved in the
anatysis ax an indeperdent variable. Statistical analyses were per-
formed ax deveribed in Muterinfx and methos.

“Table 3
Regrevion anulwsiv for serum redstin in 17DM or 12DM ux
dependent variablex

Variables Extinute  Standard eror 2
Seruns rexistin in T20M
Intercept s3 0
cla 00043
Gfa Li4 <0000
Buration of disbetex wu? 00090
HbAle 637 91486
TIDM {logirtic regrestion)
Intercept 138 1
Serum resistin o 00008
Age —001  am 0yms
Gender \female} -639 0 02136
max IMI 913 60 40003

Each of serum resistin in nd "T2OM wax invatved in the
i e o dependent virble The ilependemt ol in sich
anulyiv are shown below cach infercept. Statitical unatyses were
performed i described in Materials arid methods.

Serunt resistin fevel was an independent facior for T2DM

To determine whether serum resistin is associated
with T2DM, u logistic regression analysis involving ses-
wm resistin level, age, gender, und mux BM) was em-
ployed. Serum resistin level was found to be wn
independent determinuns for T2DM (Tuble 3). There-
fare, serum resistin levels, primarily determined by the
SNP-420 genotype, could induce T2DM,

Resistin mR. ’\A It'wl it monoeyies was higher in the GIG
with s lavels

To determine whether the resistin SNP-420 genotype
is ussociuted with resistin gene expression in human
monocytes, we analyzed its MRNA levels using
RT-PCR (Fig. 2). To assess isolated effects of the
SNP-420 genotype, 23 healthy volunieers were em-
ployed. Resistin mRNA was significantdy higher in ﬂ\e
C/G or G/G genotype than in the C/C genatype. Con
tent with the dists on serum resistin Jevels (|
mRNA in monaocytes appears 10 be highest in the
G/G genotype (means £8E, C/C 62640, /G
243.8 & 54.0; and G/G 412.8 3: 87.5), although the differ-
ence did not quite reach the levels of significunce when
compared berween G/G and C/G (P — 0.07) (Fig. 2A).

Finally, when these volunteers were inalyzed togeth-
er, resistin MRNA Jevels were positively correlated with
serum resistin Jevels (R—0.51%, P—0.01)) (Fig. 2B).
We also found that resistin mRNA level was more than
~100-fold higher in lman monocytes than in human
primary cultured adipocytes (resistin mRNA in human
primary cultured adipocyies, means = SE of three repli-
cute wells; 0.61 & 0.06), Therefore, the SNP-420 geno-
type determines resistin mMRNA in monocytes und
serum levels, which could induce T2DM.
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Malerials and methods
Subjucis

Alf subjects were Japanese {4
deroented. age range at dea
ipatien at Fukus
and wi Y 7
as the Mini-Menal State fasion during hospit

3. 74% fesnale, all clinically
69-98 years).

Theatment nf autopsicd brain

When they died. autopsy and pathological diagnosis were
carried out according to the eriteria of the Consortom to
Establish a Registy for Alzheimer’s dizease (Wi et al
1991, Written consent of ihe patients’ guardians for diagn
and bincherical, moleontar binlogical and genonie research
wat obtained. The awiopsied brain was weighed. and ou
tally. Oue half of the bzam was divided into several
potticms (frontal, temporal, parteml, occipital cortex, hippo-
canpus, ete.), snapped frozen iz liquid nitrogen, and stnred at
—KO ‘(_ The ather half was fixed and used for mllml:@cm

described previousty
n ieal diagnosis, :uh;ccl_\ were dmdm. inlo AD
group and nnn-Alzheimer dementia {non-AD) group.

Cennlyping

APDE genotyping was perfonmed using DNA samples
extracted from dissected brain tissues, aa,ordug to tis
procechte described previousty (Y: 97}

Serconiug fir noved splicing voriands and s

Toral RNA was sxracted fzom the fiozen hippocanipns
using Trizo) (Inviteogen, i
the manufactures’s protneol, and first strand ¢DNAs were

Table ¢
Priners used foe sereening fns splicing vidants of ictsirin

nucleatide polymorphismx and four common haplotypes with

Jupinese type “dmhc(m Diabetes 52 (203} $62-567.

111 K. Azum A
H. Kikuohi, x Watanabe, . Kubukawa, H. Yo
Shimada, 1 3
axsociution with serues rexistin evel in Jupanese obese individuids,
Horm. Metib. Res. 36 (2003) SF3-5711

2] L. Heilbronn, J. Rood, L. Janderova, 5. Alb, D. Kelley, E.
Ravuesin, $. Smith, Refationship between serum resivtin concen-
trations and inwlin resistance in nonobese, obese, und oheve
dinbetic subjects, ). Clin. Endocrinol. Metab. R {1004 1844-1845.

143§ 5. lutel, M. Rajala, L. Rossetti, 1" Scherer, L. Shapiro, Divfide-
dependent pvultimeric assembly of resisin family homones,
Science 304 (2004) 11541158,
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eculse sonwol. Lower panel; RT-FCR

nippncacipus it P-acsin pimers as sxtcal coreo)
synthesized fromi S yg total RNA with an pligo{dTha o primer
ing 30wl saperser severse irnscriplase
(Tvitmgen) i a total volume of 20 L according o te
nanufactier’s pratcol. The cDNAS were difuted at 115 wit!
x=ul|rd \‘.'\ler and then 2 ul wis mcd asa 'eu‘phl" for PCR

i Tabl l Sc‘:uer-vmu was
pecformed by divect ssq\le-mng mathod with a dye terminator
cycle sequencing FS kit (FE Biosystems) followig the
wanufacturer’s protocol.

Reverse-iranseription PCR (RT-PCR)

RI-PCR was pesfi
campis, the primers;

ed with the ¢cDNAs from the hippo-
NCSTN4-F and NCSTN4-B. and

Sequonces

Sense prier

Arsi-sense priver

(i GGG
AAAAGTAGAAGGGTCETEANGGG

Wi ‘uri
iP2-1728
31750

The minier depicts the poszinn of e sesuence in NC

€ONA (Geabenk Anvession & AFMBIR),
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A novel alternative splice variant of nicastrin and its implication
in Alzheimer disease
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Altzraative splicing

1 in arger scde poptation viamld be sy to ke i pobantial irap

Alzheinser therisk
fiealiog in Alzhaimer discass.

Tntroduction

Accurnlation of amyloid plagues i the bain is a key
compoasat of

e pathnlogy of Alzheimer discase (AD),
% the wain compoment of anyloid
plagues. is rek:um feosn e Pramy toid precursor protein by £

E 52} Recent smdies
eorelase complex.

a0 of Crgan Pliys
Sceal of Mediciae,
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Stie

~m-gr:1ezl Dasic Medicel

me 791,

3. Tasn,
'}ﬁl) S'H(!
Eenvnil auitraen: witsadsdi ehiine-was o £
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conserved hydrophilic DVTGS domain in aticastrin decreased

praduction, whereas 3 double-missense mutation
(D336A+YIITAY increased AR production (¥ . 3000).
Capal ez al, reported that a decrease of nicastrin sxpression by
RNAiQ in HEK293 cells was accompanied by reduced
expressiont of presenilin-1. APH-1aL, and PEN-2 and raduced
AP generation. Overexpression of wild-type nicasirin resimed
thelr reductions, while expression of muml.m lacking the
1 embrane domain did not {Capeil = #3). These
results suggest that nicastin plays a !mp(rruml e in
activation of y-sectetase complex. production of Afy peptide
and onsel of Alzheimer disease,

2 W, Mituibt ot al 7 Life Selenost T8 2i816) MT-2HR

Tlatinnm Tag DNA polyimerase at 93 °C fos 0.5 min, 55 *C for

i, at 72 °C for T min, for 40 cyches.

Statistical analy

,\v D giop (o and n00-AD group (comtrols) were fattyer
divided by the presence of APOE-54 allele into AVOE-s4-

pns and APOE-sénegative groups. The frequency nf
NCSTN-AEl6 mmmp( was eonpared berewen AD and
AD groups byy” analysis Ditferences with p values of
<003 were considered signiftcant.,

Resnlts

With the primers, NCSTN4-F and NCSTNAB, two major
bands wers datected i some braiss samples (Figg 1) The most

frequent was a 427 bp hand {wild-type). follawed by a 212 bp
band. Seqwencing analysis reveated that this lattes transeript
was an in-frame splicing variant that lacks exon (6, and it was
de%lg;\(ed FNCSTN-AEIG™, The exact tesult of sequencing
2A. The schienatic stucture of

Dm of the 23 patients u).lmmed in this smdy, 10 were
diagnosed pathelogically with AD (mean age ab anset of
dementia: 72.2 274 years, mean age at death: §1.7£8.2 years.
ean brain weight at death: 1024£105 g) and 13 weie
dingnosed a5 0m-AD {newn age at enset of dementin
§3218.4 years. mean age at death: K9.2£7.5 years. mean
h—am wc it at death: 1092+ (09 g Non-AD incladed nom:al
ging. multiple diffuse Lewy-body
d:sezmx P'lrkmcm drmw. E’L ((‘a’.l not ﬁl‘m m). 13 patients
group). while

Clgnointe

2. Stavenuve ot te mmnﬂ arint of N
onceesponds a an

Exon 18 Equn 16 Exon37
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renistics of AL wt aca-
t

subjeets by daertinn of

Pathologicst Giagnesis

Oveail AD Nna-AD

¢ ai ansel

NCHTN-AB161}
7 vahe

Age o deuth
CAELR—)  S54e8.02)
A1 (1)

73+ B4
BT
834

Naluss are meaes
detected beovees N

e of cases),

o significans ditfererice wes
(~) aad FATIG) groups. AD:
: noa-Alshelusec desnenss.

10 patiests &id not (APOE-g4-negative group). RT-PCR
asalysis witt the primes. NCSTNA-F and NCSTN4-B,
detected the wild-type NCSTN trauscript in the hippocarpus
in all 23 patients. while it also detected NCSTN-AEI6 in 11
patients,

The age at omset of dementin age ot death and brmin
weight at death were not significantly different between
NCETN-AEIG-) group and NCSTN-AEISH group i
overall, AD. and nos-AD patients, as described by Talvle 2
NCSTN-AEIG transcript was detected 1 6 out of 10 AD
ients and S out of 13 sion-AD patients. The differenze i
tiie fraquency of NCSTN-AEIG tmanscript berveen AD cases

imited o APOE-z4-negative palients,
NCSTH-AEIG Gamsoript was detected it 1 our of 2 AD
patients, and 4 out of & nen-AD patients. The frequency of
NCSTN-AE16 trnscript was ol a'iﬁ\,mdy different
between AD patients (1)
Liki analysis was Jimited 1 APOE-ptpo:
-AE16 transeript was detected
g AD patents, and 1 owt of 3 non-AD patients. The
frequency of NCSTWN-AEIS transcript was not significantly
fferent behween AD patients and non-AD patients, either
(p=03s}

ve

Tiscossion

A&\ﬂrhiy of sicasirin into y-secretase complex is essential
4 secretase and generation of AR I
cellular biological sdies. Capell et al. reparted
mt mr’l strin interacts with y-secretase complex components
ty via the N-lerminal trird of the

in (6"0 692 aming acids). Thie anthentic

I this study, i te buman hippocampus, we identified a
novel alentatively splicad transcript lacking exon 16.
encodes the 71 amino acid sequence just upsTeit of Ihis
fimctinnal transiembrane domain |see Fig
was detected 1 sore
this dissociation is m:hmwﬂ. I. nnt Jem |f mdngenms
deleliom may affect the fanction of #icastrin and the activity of

creinse i the hu brin o o¥en b viteo, Chige fn the
e risk of AD.

i of l.m prossion of this
Tipt and AD patholngy were examined here,
When we x\-nly‘ed menn mucn& the l‘|ﬁ'e.muva in the

dsvelnping AD. Tt i3 estimated to accownt for abont 40
of the genelic variation i fate-onsel AD R 29
sxamine the ass o between the existence of
AEI6 tanscript and the development of AD independ
APOE genotype. we further calegorized AD and non-AD
pasients by the pressnce of APCE-# allele into APOE-p4-
fegativa ad APOE-sdpaaitive giotps. Tn APOE-s4negative
group, the differance betiween AD cases and nor-AD cantrals
was ot significant. either. T APOE-sé-positive group. the
frequency of NCSTN-AETS transcript appearad i be higher i
AD cases than {5 non-AD contols. However, the asseciation
was nat statistically significant because of the small population
size. This suggesis the possibility of imteraction betwesn
NCSTN-AEIG and APOE-4. so thar NCSTN-AEIS only
mfluences es APORE-s4; however,
statistical tests Cor mxteraction were not significast.
e stedies have focused the ass
between nicastrin palymorph
dei et al. reported
significantly mcreased th
APUE-s4 allele 3 P .

04). Detmavt et al, reported that one SNE' haplotype of
¢ increased i patients with familial early-omaet AD
il the APDE-#4 allels in the Duteh popmdation (Dermaut
& 2l {2094) and
003) reported 10 such associstions. Thus, there
t i opinion, and further investigation of this
matler s necessary,

Tn conclusion, the expression of NCSTN-AELS manscrip
may confer seme additiona) risk for developing Alzheimer
disease beyond the risk due to ApoE-#4 allele. Further

on
Al
t one haplotype of nicastrin
isk of AD in patients withow an

Z
S
T

Taie 3
The ausher a
2 o0 AD

sheccs with 02 withott NCTTA-AE (6 trassaript ia aveesl] /D
ems, ard by Apol gencty) Singrois

AD Nx-AD AD Nog-AD

domai in of sicastsin is critically vequired for the interaction with
y-secretase complex components and for formation of an active
y-sectetase comples (Capall 2t al, 2003},

in=10) (n-13) (1-81_fn=3)
] T4
5 3 L
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Alzheimer disease {AD} is a proge
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ad progressive memory in:pac—nm n
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patiznts compared with nom-demented contrals Fur-
thermare, human LCK is located in a previousty identified
genetic linkage region; {1p34-36) associated with AD [14). Tt
has 13 exons distributed actnss 35 kb of genomic DNA. 1ts

that are Actn eat diffe
shese data smpgest th

evelopment [15 All of
t LCK contributes to the pathogenssis

of AD. To date. the potential rales for LCK have been
zeparied it T-cell lenkemia, colon cancer, type | diabetes.

3). However, there
association of LCK gene
s smdy. we investigated
whether LCK gene polymorphism could contritatte to the
sisk of sporadic AD.

2. Subjects snd methods

The Ethics Committee of Bhime Tniv
Medisine app oved the smd—y ;)rmom!.

( i .mu blood sant-
ple-‘, were r\hmined will: mfrmed consent $yam the patients
o their guardians) in the Chuba, K and Ehime areas of
27). A total of 376 unrelated AD patients had
been diagnosed previously. and 376 comirols {outpalients oy
healtiy volunteers) were selected and matched for age and
place of residenice for each patiest. The mean age:SD
fyears) at the time of this sidy was 78.2£8.3 for late-omset
AD and 75.5 4.9 for conirals, Genomic DNA was eximcied
from the brait or pesiphenat bland using the phenol
<hioraform ne:

During sereening for LCK gene mu
] . we detected @ common s
mmmmn {SNDP) of + 6424 A/G {CIT) (hCV 1893646) in the
mfron 1 region {minor allele frequency: 0.34). 1t was
consistent with the SNP database, NCBT build 34 Genome
{Cageasiny 0.14, African—Ameriean 0.01. Japmase 0.33,
and Chinese 0.30). Genotyping of SNPs was perforines
wshg the TagMan-PCR method. The primers and probes

W Zhoag et al. 7 Jasrnol of the Nearologicat
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¥ he ieasrin gene, Neumszionze
Vi#¥. Anvlipogecesia £ alitles o
wal Resiew ot Madicine 47, 3
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v 2hang, DM, X, DI
g, .. Arherwib, R., Faceer,
o -,o . P, 2000, Ni

medelates

peacessing, Namre 407, 4854,

236 420135} 3.

were obtained by ABI assay-on-demand C_1803426_10.
Amplificatien was perfomied acenrding o the manufas-
ture’s protocal. The flumrescent iten of the PCR
products was measured using 2 ABY PRISM 7000HT
Sequence Detection System (Applied Biosysteras). The
pemen who tssessed the genntype was blinded 1o the
clinical data of the subjects from the samples
wiginated. To @ i the of the pene to
sporadic LOAD, we comparad allele freqrencies between
LOAD and coniral subjects. Becamse APOE-6d is a risk
Factor for AD, awe stiatified the population by e4 carrier
status, APOE genotyphig was performed as described
previously elic and genatypic distribution were
analyzed by Chi-squared test nf assaciaticnr, The
genotypic frequencies were compared by
with the valwes predicted under the assary
Weinberg cquiltbrium in the sample, Values of p <0.05 were
considered significant. (dds ratios were cafoutated with
two-tailed p values and 95% confidence intervals. The
relatiogs of gendiypic factors and the effect of APOE-24 on
AD were assessedt by Togistic regression analysis. Statisticat
analyses were performed with SPSS software version 11.0
{SPSS Tae., L)

3. Resnlts
+ sherws the distibution of the ticee genotypes
(GG GAL AA}. The distribution eblained for the patients
and contrels werz in Hardy -Weinberg equilibrium. The GG
genotype was fund in 33% of the otal ADY patients
{37% of early-puset AU (EOAD) and 52% of late~maet AD
nd 44% of the 378 conal suldects. A significans
wis nlxenc“ belwse'\ the +6424 »\./G pol'

Fioant dmcrevmes in
allele distribution were observed {data
expected. APOE-e4 conferred an increased nsk for AD
{OR=3.06. 93% CL 3.680-7.12; Table 2}, After the logistic
tegression anatyais, a co-dominant model (84 dose~effect)

Table ¢
Gienziyme and aliele munders and requeqcies for G pelymophian in LEK
Gewp Giraonype Hrepieacy] sle (Frogaecsy)
G G4 AL GA R A
ool (378} 15 0.4} Bl 50 ({066} 351 D34
138 135, 178 anye 544031}

26 (0,28
123 (0,

21 (0.4)
153 {0.3RY

H}
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- - £y &5} Retreerce
¢ 03 17 166
- 03 £ 645
' " Bt 631 34-103

'OT-61 (1) cae o Bv CORs of &
{1, contidense intzrval at 5% level.

APCIE-£4 (], oo conties of of: 05%

provided the bost fit (/'=0.024; Expif)

'} but adominant medel contd notbe
230; 95% CI=0.96-6.341 Afer
lysis, 2 combination of a secessive
mods} of LCK and a co-dominant model of APOE-e4
provided the best fit (P=0.014; Exps
T=1.24--7.3(3. We than examined the GG genntype a3 a
risk ﬂlmr for AD. \/‘l\ﬁldt‘nnb the APOE siatus. To
quaniify passible interactions benwveen APOE.
LOK-GG. we analyzed the data with tespect o various
carrier status conhinations. wking subjects who had neither
APOE-c4 nor LCK-GO as o reference (Table 2). Four
categries were defingd by (e presence £+) or absence €~
of an 4 or GG genotype. The GG genagype alone shewed
an increased risk (OR=1.56; 95% 1.16-2.38), and OR
for APOE-84 and the GG genotype was 6.31. As for the
interaction berween the APOE-¢4 and LCK-G alleles for the
risk of AD, logistic regression analysis did not indicaie a
ificant effect | P; ic effect of G
allele in patients having APOE-e4 was weak, Interestingly,
the allale brition Wi nilar among the AD patients
regardless of age at onset (EQAD and LOAD) i thie APOE-
&4 non -carrier sulgroup, l\el(. +6424G allele frequency
wats alsy significanty h s
(0.66 vs. (L70-9.73) {Tuhle 3). The \'NIIB wwed that the
LCK gene was associated with AD regardless of the APOE
penolype,

o

,?;

Tule )
GGeneay)ze and allele rumdecs sl

equencies i G54 polymocphion ia LCE

ciavors 288 C05,

4, Discossion

We carried out an association
orphisim wh

ysis of LCK poly-
& N'ed that L GG
increased

risk of ADY, especially in patient
Patients with the (3 aitele had a higher of AD thast thoss
wil e A allele. The asseciation was obvious not only
between tatal AD patients and controls but also between
LOAD patients and conirols, evest exchiding the effect nl
APOE ¢4, ‘The APDE gere is the only established gen:

risk factor for LOAD, Ho\\e\rer. 50% of LOAD ea;

proxinal promnier, like that of Sre f
tess and contains multiple start sites for nwuum of
iption. Muise-Helmericks and Rosen d ined 2
pocentially impantant sequasses located at positions —4?5 m
~46 acts as a swong Tepressor of tanscription
Alikough the SNT smgied here
anly? kh d from theril
o the SNPbrowser Ve
(Amwhed Buw Stems) strong lnkage disequitibrivm s
siown around the LCK gene. Thercfu 2, it s reasonable to
bk hat + G424A7G palyl caphisn: in infron 1 can conteib-

‘p-!rcd i sommols. b the F values are ot
e hreshd “This may be due o 2 smal sanyple size.

The sesulls of this study support D hypothesis that
fmmamological response contributes 1o the selective vahies-

ability of neurors b the entorhiat ltered

f mmwareactivity may play an Eapariant
tole i the pathophysiological processes of AD [13].
Allbough the detailed mechanism of the involvement of
LK in AT is unksiawn, our data maise the pessibility that
LEK contributes 10 the pathogenesis of AD.

ithinzt APOL-84

Giroon Geaogme thequency) Alldle itrequency)
GG Ga A A \ A

Control (4K 17 043 15 {046) 35021y (237 420 {0ty 216 (5.1)
AD (i) K (0305 £5 {031 2 (1) & (244 P 167 .2
EOAD (35) 2 035} 6017 15 (843 49 (070} 1 oI
LOAD (148, 6035} 15 (9.10) T {0457 232 T R 037}
EOAD: eariy-onser AD. LOAD: laze-arzes AD.
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134 \m‘ler'l Xirag Z. Lu WY. lafiee M. MscDtndid 3T,
cuging ot AMDA ceseuer soivation 10w cxide
by PRD-5 proein. Seienee 19 K45

seamtoni

A Lz et ol 7 Journal of

LCK might be trvolved in a sew signal transducti
patliway. Five of the Sre faraily mesmbers. 1ok, Ty, fer
and yes. have been reported t be expressed in the CNS
{30-37), The acult fyn-deficient brain exhibis abmomaal

and i Tong-term:
po(enlnum\ Althiough kek kock-out n‘h,e have 10 obvioas
rde-n a } which

expressas a consistent increase in he anscunt of Sre pratein
nay nigsk s actal effecl [33.34). Furthermore, thee is
evidence that members of the PTK family play

yl-t \sparl:m‘ receptors (NMDARS) tripger
naking s nenronal pl
develnpnm' sengscence, and m nease [3{} To :L\'c ﬂ\e
potential foles for LCK

leukesnia, colon caseer,
erythenatosus, relapsi
thewnatoid art}
regarding the

of LEY, E,ene isny witly
AD. Our data should be firrther sxamined by nmctwnl

analysis of LCK poly

3 u! 1 cc‘k in m= }(Jm M Alzteimer’s disease and ril\:r
neaalngica)

el reeo signdting Trrds Gt 199
5 M

¥, Ales 0, Beres € faraiee JV, Vinces 10, Fagard 1
of 4 nevel S af e pElk famtcaneogene fo
2c g?'\hhrrnwr\( 3 Newrochenn 6472305~ 15.

i jita 71, Nugad V. et a2 Up-
A B e Al s divsase
sowray. Miachem Diogays Res

wndzes Al Moseadlin T3 Albat M
gh-resohtion gennme Scroendi
T Mol Genet 2003

n-3.

survey i a lwger cohort o
are requined to evahuate the
alome o7 in conshiy in patients. Our stady also provi;

a direction for fitther investigation of the fnction of p)ﬂck
i the central nervous system.
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Association of Dopamine B-Hydroxylase
Polymorphism with Hypertension through Interaction
with Fasting Plasma Glucose jn Japanese

Michiko ABE, Zhihong W, Miyuki YAMAMOTQ, Jing Ji JIN, Yasuhars TABARA,
Masaki MOGI, Katsihiko KOHARA, Tetsuro MIK], and Juz NAKURA

Dopamine-A-hydroxylase (DBH) natatyzas the

and Is relsased

of toparnine to

from sympathetlc neurans Into the clrculation, Several ines of svidence, Including the finding of stevated
plasma DAH activity i sseential hypertension, suggext an Important role of DBH in hypestension. Reeently,
3 novel potymorphlam (~1021C/T) In the 5 flanking region of the DBH gene has been shown to sctouirt foy
35-52% ut the variation in plasma DB activity. We theretore Investigated tha possible assaciabion bebweert

the DBH ~1021C/T polymorphism and hyperznsion In

4 farge Japanoss population. Moreover, becauss the

of is to ba due at sast psitly to gena-snvirenmental interactions, we
also Investigstert the posslble interactions batween the DBH ~1021C/T polymorphism and snvironmental
fostors. Concequantly, We found a elgrificant interaction between the XBH ~1021CAT polymorphism ond

fasting plasma gluease (FFG) In the with

incrense In probability of hypsitsnslan with FPG than

cc showed a steeper
T altete carders. We also faund a marginally signifi-

cant trend suggesting the pressice of an Intsraction between the DEH ~t021C/T palymarphism and FPG in
the asaclation vith bload pressure, Consistert witt the presence of the interactont, v found that a 19 by

sequence containing the DBH ~1021C7T

includes two jeal E boxes

sepasated by 5 bps, and closaly rasembles the giucose response siemant of tha Ltyps pynivste kinase
gene. These Andings coult ba helpful In conducting turthsr motecutsr and Biologival etudies an the rela-
tonshlp amang glucosa nietaboliem, the sympathetc nervous syetem, sid fiypertenslon. (Hypoitenis Res

2005; 28: 215-221)

sy Words: d Inef esgenting

Intreduction

Rypoteosion is considlercd ta be o somplex kit 1o whick
gencle, envirormentsl, and dcmngmphc factors cordeibute

{1-3). Dopor {DBH} cate
Iszes the conversion of dopartine ta norepincphein 2n

genatics, ghupose

meleasad from syrapathetic nromes nla the cicenletion.
suse the sympathalic rervous system is intimately
watvrd in both the prigin and the perpewation of a hyperen-
sive stat (6, 7), DAK may play o imporiant tohe in the
a1 hypentension, ndeed, neonaizs with

i i activ-
d iarpely from sympathetic nerves, oan be aeasursd

ity, desiv

From e Departieat 07 ( dedicine, Ehime Lni

This stedy war “.mmd ya

apan Tl sl

Pecaived Narvemmher 29, 2004; Acceyxed in revises fanm Deceivber 17, 2004,
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Ai foc Research an

«sty. Toon, apsn
“Medical Genrene Scitaze.”
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Table 2. DBH Genntype #nil Allele Frequcacies b Hy t

ard Ni ive Subjrets

Genolype requensy

Genulyye and el

P vius or 95% €T

Hommotensier Tisperiermive
DBH gemotymes
378 (69,1 194 £66.3)
153 ¢ 6313
1" ) s 060123
907 (R3.8)
185 116.9) 564175 96 67126
o GR s 95% CF ara fur CC v, CTHTT. DBH, degrarine By dronylave; OF, edds rtiu; CT, canfidencs merval.
Talite 3. Lugistlc Kegression Model nf FTG in the Assucintion with Hyperienslon Aconrding t DEH Geanype
Genotype Cuefficient Comstrd P or $5% CT P wnlue
for vegression Gorinteraction
o 32 Jisns s 2259 SE0-R6.55
cTHrT 620 -153 052 122 0.22-6.7%
DBH, dortzmmine By dovsyives FIG, Gustimg phastna ghucoses CIR, wids 1a61; CF, confidence interval.

Resuits
Association of DBH =-1021C/T Polymorphism
with Hypertension

A tatel of #22 Japancse incivicusis from the Hyogo mapion
e ized 0 or i nnd geno-

el ln_qllcrm.s

were 43 0d T aileics, rsspestively.
Fhese resuits ane ool et with the Hardy-Weinberg equi-
librinn {p1).25), Because of the relativaly smali awbar of

VT peactype, we analyzed diffirences

E genntype and those with the CT
faied to show a sigaif-
icant diff lu\cv:m lln: fv'Lqu of the aileles {p—1.52) aed
BeRBYDES (p—0.73 for CC ve. CFHF I between the hypericn-
sive and namiensive subjects (1abl

Interaction of DBH -1021CIT Pulymorplusm with
FBS in the A

piasma

mml
ip— 0031,

HDlrr:ho.su_nI und X l_,
; awed a stospor

ith FPU than thase

ghtiy skewed, we slso exanyined this inf
thon using stratifivation of FFE by guartiles (fiesd sprortile <

106 sagdl, and fousth quartile =106 ragdl).
the p velue for the interaction was 6.014. The
ustrient for sex and o

wholesier:, HDL-cho-
nm_d that

‘nsmr\ lh'\l\ ﬂmfr L lh tha (
294 mghdl) n—0.0056;
OR indicetas odds

higher pnmmmy of by
genotype in the first quats
OR~2.58, 95

We )\-‘\l analyzed possible interactions of the DUH =3021¢
r hisne with ing favtoss in the fali

with kyperiension in Jogistic A\gnssmn riodcls, hesause the
at laast partly to
gonc-onvironmuental interoetions, The DK —10ZICAE poiy-
wt with sex, age, body mas index
(BME), piasma toual chotestero), high deasity Fipapro
(EDL)-cholesiceol, or TG, in contresy, the DAH ~1021(47

of DBH -1021CIT Polymorphism with
FBS in tha Asscciation with Blood Prossura

We nextarly2ed possibls interactioas of the DK ~102it
¥ polymorphism with PG in the association with bisad pros-

surein pencral hinear models, A anty of subjects rat on

eantly interacted with PG
1= 6.045) inthe nssaciation ith DEP {Teble 4). I'l‘cp\.\hn.
was 8.056 afier adjustmont for sx and sg, and 0SS afts

204 Hiperteas fies Vol

0. 3{2095)

Table . Chursctesisdss of Partlelpaots Acsueding Lo
Hyperteasion Stotus

Normulrmive  Hypetterive
34y [
5.0

$1.3255

Variuble

Sex fmate %)

174
ECREAY
MT4£37.2
3 5191140
Thyl)lﬂu.a-mV’LJ) t 16 IR 150911277
Fustrg plasia giusese fmgdly 101221723 10605

population ir the Hyaga region of Jspan {Tabl 13 1%, All
- r reshdents, Thoy had p
skup, and the mea vaines of
their personat hoalth nivords were used in the analysea. Al
g onsent, Fhie etfties comaittec of

Lhirac {hivvarsity oppeoved the sbady,

Diagnostic Camgurms

Eavh subjeet wa 4ty ene of ¢
sl catogoriss defieed by th folowing erters.
sive subjects fad a previous diagnos
were bring treated with antihyperto
Sastolic bicod pressure (SHPIDBP) s

w0 nesnt ST belore ik stat ol
o 148 by perten-
sive subjevts #bose values wers mewswed under lreatmerd. 3BT,

o pressise; DHD, 159 ol ressure; HDL,

oL pressuse readin

HJ;-, Muorcaver, DBH inhibit
& dose-dependent deer
19,13,

The DAK gene,
pored of 12 cxons (14)
{=1021L70) ik the 57 1
besa shown to

gene has
in plasava
ot papuiations,
aion af the DB
-1m LV poly th plasesa DBH actvity kas alsa
feen replivatod i o active Westzm Lumpean population (78).
Thus, corsidering several Ji of evideaes for the relation
btwaen DRH and Woad prossire, the DIE ~10217F poly-
morphism appears to be an ol
tributing to hypenension, Neverth: ve been fow
repans investigating the powible assoviation butweca ths
DER gene und bipertersion. W = investigated the
ation between the DBH =1021C71" polymar
p . Morcover, beceuse the development
of iypertension s considervd to be de at feast pactly 1 gene.

miatersiva subjects had never been treated
zrsion, and their SBPADEF was < )4l

s hivose |

el umj b PO > 126 mydl.

DHA Analysis

The TeqMan chenieal miothod, which is an established snd
frzquently used method (£2i4-23), Was used to detest the DBH
“I02ICT polymorphise. The forward primer ws §'-

FCAAGEAGAATGICCTGAAG

Fan-CICTCCL,
ifie probe was §-Vie-L1C
rson who sssessed the
ical data of the subjects frony

5
COGEAAGEATA m.n 31
ponatyps was blinded to the
whor the sampies origirated.

Statistical Methods

TG) anc
Logistic rogaussion

nndds were used 1o assss whether the DRH —IU’I(JI

we also investigatod the gossible
teractions between the DRH —3021C/T polyaiorphism and
crvimnnicnal factors,

Mathods

Subjects

Aceording to the enteria de 7S hypertensive
subicets ard 547 nomaotensive subjects wore sck“tLd from a

Hyprrens Gos Vl, 2%,

(2005)

made a s ity signi cand o
iction of i wilh id of i g

lincar mgressian modzs won: used 0 asse
YT polymurphiss made a st
cart contibetion to prediciion of bioad pisssare, with cons

crtion of intoractions between the polymorphism and
0.5 were considend

confounding factars. o valuss fess the
siptistieally sigaificant.

rar: of hlood pe
exclusion of 3
treatnzent infaen
Bloos pressuse readings before the stort of sntihyperionsive
wcdication ware not available for | 18 hyperensive subjocts
in ouy population.

I theocy, the DBH ~2021041 polymorphisr might be
associated with kypertension, because this poiymorphism is
asoviated with plasma DM sctivity (77, 14) and plasma
DIRH activity is associated with kypertension (77, 1.2). Howr
ever, inpractiee, the presentsiudy faited 1o show 1 significant
assoeintion between the DBH =3021¢/1 polymoiphists and
Vhis fadiuns was possibly duc to the nereton

St 198 5 290 2350
FEG foghil)

fetvsen 1P ad the prabal
aubjeces with ihe CC genoty
tio: y - el U245 = 34628071 + expil)
The cquotint war: ¥~ -,gn(u WG~
{00058~ U6YS)); in sudjocta v
tpes. $u gennivpe showed a steger vln,-u'
than thoe with the CT asd 11 geaotspes o —0.4680.

adiustmrent for sex, wge, BMI, plasma totad cholestorl, HDL.-
cholesterol, end O, Subjeets with the CC genatype showed a
stesper ingreasc in bload pressure tevels with PG than tha
with the CT and FT gonotypes (Fig. 26). A similar tread of
internation wos shanwn in the ssocistion with SBP (p —0.057)
i¥abjz 4 and Vig. Za). The p value was 8.092 after adivstimeny
far scx snd age, ang (087 aftor sdjustcet for sow, &
piasma tatal cholesierl, HIL-cholestero

Anaizsee of the intrastion using steat
qmmlu Ifirst quartile <94 mg/di, second qua
sgédl, third quartic 9 to 106 me/di, and fousth quar;

106 rap/dl) showed that the p value for the intemetion was
OKY far SHP wrd 0025 far DUP. The p vaiie was D09} for
SHP 2ad D033 for DUP sficr sdjustuicnt for sex and ege. The
psiuawas 8.16 for SHI and 0.035 for DAP after adiustment
for sex, age, BML, piasma tatal sholusteni, HDL -chelestral,
wnd T

Discussion

e prosont stidy peovided evidence For tha intemstion
bct-sc\.n the K 1 polymaphisnt and FPG in e
associztion with by 2 nrgcl spanese popason
Fhane
presence of an interaction betseen the DI R poly-
orphisns and FPG in the assa with blood pressure.
This lack of significeree was passibly duz 1o the unstable

betsvean the DHH =1023CA' polymarphisn: and VPG in the
th kyperiension. However, evidense for this
sufficient, becaus: daca on plzsnia DBH ackis-
Jablz in our popultion. In additiors, the pre-
-t

r

ity wonz ant
viows rcports  showing  that  the DR
polymomphisn is associaied with plasma DEH activity did ant
analyze the intorerion botween the DRH ~1021€1 poly-
rorphism and FPG in the association with piasme DBH
activity {17, 1¥).

Supparting the intcraction between the DBH pone and
FPU, there s biological cvidenes showing that glucosc ard
duce an increase of DB {24). Indecd, mis
montal diatales have i d phaston DBH
. Thes, the most ifaportunt physiol:
ence on plas ronsidere
ghucase Tt 1263, In addition, DB H-von
the hindbrain that Jnnervate the hypoikatams kav
implicated in the feoding respanse 16 giusose depr
i27). In humans, the d; in sympathcte rspon:
ghicnse ingestion relited o family history of hypen
sugpests the existense of genatic factors influencing the sym-
pathenic response t glucosc ingestion {24), The DHH gonc
may i ore such genctic factor.

Vhe precise mechanism of the imcigetion batwizen the DBH
~121CIY polyasarphisny and PG in the sssoviation with
kypedeasion rennains clusives e simple cxplaration
that the € genatype or & geratype in linkege discy

ation with the plasma ghisesc lovss, lzeding la increascd
bload pressurc. In contrast, the €7 2rd TT genatypes or gen-
mq\-.nbrm with tight prodace

savian may b2 in lins with ths obscrvation ir s pr
thet @) 19 chirapanzecs wees homazygous
i26).

Altematively, depnding on the genotype, ghivose evel
o rfucree piasma insulin Jevel, which in tum couid
infiuence blond prssws, Howevee, the previaus obss
thet insulin sdriinistration fowered plasma glusos: fovel, bist
fot plasnza DBH activity, chai this po (24).
Moove, in fumers, sotisation of the syaipatholic acrvens
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Tabled. Cenera] Linesy Madel fur Regresivn of FEG 1o by Asswelativn with Blowd Pressare Avcurding i DBH Gonntgpe

e ala
B Grerutyps (3 omt U ’
Cremaypa i) Comstent forregenion cosfivient for inleraction
SBp T 1) 35 0016 0635
CHIT (260 10 0.5 0.00056
DBP ceisez) 034 [
CTHIT (260 EX 51 083 09011 0045

FPG, Tasting

ma giusese; DB, dopemine-hydroxy

pressare,

se; BT, bloud pressane;

Crasta e loed

B2, syalohic hloue pressuse; DI

1 50
145 13
3 2
i
£ 1 H 1]
& -
H
128 T
e 70
5 1 A mn 250 54 1w 150 260 58
¥PG gagdly VPG (mghd)
a b

variotions &
dotted bine indieates the CF and 1T genntpes. The ¢
ented b the equation. y =4 ) SIS+ 704,71

‘ fenwed a wivepe

p~—0.0432,

system s refied 1o pincraa ghueose fevel but pat hypice-
sulinemyia or insulin kypersserction in
28), However, beesuse the etology of hyp
effeuts of ghuzose, and the regulation of the sympathictic ner-
wous svstem are s complicae: above cxpienation
rersains compiately specuiative. Epideaviolagical studics in
large populations with infarmation on plasioa DBH act}
and plasma insulin feve) as well as bisfogical studies vould
tosthis hypothesis,

“With net fo the possib
—WZICZT polyaiarphi

functionality of the LBY
transfent-transfeetion assays af the

designed (o assess whether this polymomhism dirsetly sitors
trasscriplionat sotivetion of the DBH gene have been noge-
tive to date {37, 37). In ihis 2ordext, we found that w 32 bp
scquancs containing the DUH —1023C polfymorphism
TCCCPCAUTCTACTIGY GG, whee Y indi

o5 the (11

31 Zuhetiam CP, Buxhaum SG, Ehston RC,

et ak The struclure

amd plises daantine el
£ 2i03; 72; 1389—F41;
32, Cubslls JF, Zuelian CT: Humn genelics o7 plasme do

ot E9 and bisad pr
caion qumn G and SUP b sulicess wish e CC genotspe was
e nqmlwu watry —0). IA(l7lx+I . I: ulxuh

x the ¢
on: § — 0.06% - 4 3. The equation 1
e CF and 71 geaotypey. Suljects with the (C genatypre showed ¢ awesper stope thon those with the CF awd 17 genn

ure . e siuiple Ing indeates tee CC geantype:

‘gmul_vlm '/Yw regres

1 incledes two patind E
boxes sopnrated by 3 bps, and closely reseblos the giueoss
response element of the L-type pynivate kinese pene 145,
The DHE ~1023 C/T polymorphise) esides in o esitieal 5-hp
sren. This supgests thar the DBH ~1023C/F pojymorphism
may alior the responsiveness to glucose, consistent with the
intemmction betwon the polymorphism and FFG, although
dircet mnieculer evidense i Jasking,
clusion, the present stidy reveal

dnsi;-)'.iﬁnnt imer-

in the pathogenesis affv]v‘n"ns'm\ ina Inrg\. J'\p‘ nese popa-
i

iation. This in pardy supportcd by other opida-
miiogicsi snd_ malscaar biological_ceidons. lxsp.nw
seveaa) toans afthis s
they coeld b halphut n condusting uriho ctesuiar nd

{ studics on the reiationship 5 o

A% g2t Tntecacting of DRI with Glovase In lypervension 224

ine Betehydnayylase welivily: ap
b mATlg
83476,

splivations lo tesessch in
rchuphasmcolnge (Berl)

33 V.tu).ml S Vasseur-Cognel M, Kahn
0 gers oo, f Bl Chem X

ase regulation
3(555-31558.
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Summary: The effect of genetic polymorphism of human organic anion transporting polypeptide C
(OATP-C) on the lipid-lowering response to 3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase

inhibitors was assessed.

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

HMG-CoA ina

it hospital ina ‘based cohort of Ehime prefecture

i the southern part of Japan. Plasma lipid concentrations before and after administration were analyzed
in patients in relation to the 521T/C (Val-174 ~Ala) polymorphism in the OATP-C gene (TT: n=44

(66.7%), TC: n=20 (30.3%), CC: n

0 (0.0%), undetermined: n= 2 (3.0%)). Total cholesterol level was

significantly lowered after treatment with HMG-CoA reductase inhibitors in all patients (p<0.001);
moreover, subjects with the 521C allete showed an attenuated total-cholesterollowering effect compared
with those hemozygous for the 521T allele (~22.348.7% vs. = 16.5 % 10.5%, p<0.05).

These data suggest that the 521T/C polymorphism of the OATP-C gene modulates the lipid-lowering

efficacy of HMG-CoA reductase inhibitors.

Key words: HMG-CoA rednctase inhibitor; geaetic

individualized medicine

Tatredoction

The treatment of common discases as typified by
hyperlipidemia and hypertension gives first priority to
lifestyle regimens such ag smoking cessation, dietary
therapy, kinesitherapy, and maintenance of optimal

OATP-C;

causes a decrease in intracellnlar cholesterol levels,
resulting in upregulation of low density lipoprotein
{LDL) receptors, increasing clearance of LDL-
cholesterol, and leading 1o a further lipid-lowering
effect. The statins decrease blood levels of iotal
cholesteral, LDL-cholesterol, very low density

body weight. However, pt is combined
with these measuses in patients showing low effective-
ness or if
A (HMG-CoA) reductase inhibitors (statins) are now
the most widely preseribed 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 cholesterol biosynthesis,

in (VLDL)-chol 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).*'?
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decreased from their mean baseline i of

259 ta 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 ta
59.9mg/dl.. The mean percent changes in tatal

Table 1. Baseline characteristics (n=66)

tiolesterol, LDL-chol triglyceride, and HDL-
cholesterol concentrations between pre- and posi-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-ireatment. No statistically sig-

Age [yean) 704%84
Sex (male ffemale) 17/49
Hody mass index:RMI (kg /m?) 237426
Drug () Pravastatin 2
Atorvastatin 1
Simvastatin 33
Polymorphism of OATP-C (r) ~ VITA VY 44(66.7%)
VA 20(03%)
AA 00%)
ND. 2(.0%)

N.D.; not detesmined

nificant di was found in HDL-cholesterol
(0=0.275),

Then the djll‘crcnces in lhe effect of three kinds of
stating; pi , and si in, were

examined. There was no sngmﬂnam difference in the
patterns of change of total cholesterol, LDL-
cholesterol, and HDL-cholesterol levels. In contrast, the
triglyceride-lowering pattern differed (repeated meas-
ures ANOVA; p = 0.040). Out of the thres statins, a sig-
nificant difference between simvastatin and atorvastatin
was found by subsequent Tukey’s multiple comparison

Table 2, Lipid concenteations in patients treated with satins

Pre Post Chan,
" (mg/dL) {mg/dL) (95‘3';% 1, LLS/GUL)' "
Total 6 TC 25921316 200,7428.7 =209 (~23.3/-18.5) <0.001
39 LBL-C 167.0439.3 11944245 283 (-022/-24.3) <0.001
) TG 1769£133.7 126.1£62.9 ~7.6 (~21.6/6.4) <001
59 HDL-C 58.7%19.6 S99£14.8 4.6 (0.1/9.2) 0215
Pravanatin 2 TC 253.633.5 20835285 —11.5(~21.3/-13.6 <0.001
21 LBL-C 161.2£32.3 122.9%29.1 —123.6 (~29.0/~17.0) <0.001
21 TG 159.1£8).8 148.2£ 86 6.8 (~20.3/23.9) 0.555
20 HDL-C $9.0£12.8 §715E12.2 ~2.0 (—68.0/2.8) 0.302
Atorvastatin 1 TC 249.5£36.9 198.5£31.9 —20.3 (—24.4/ - 16.1) <0.001
[] Lc 1392354 2 102219 —34.8(-41/-28.5) <0.05
10 TG 282.9+266.1 130.7£69.8 =79 (~5R.9/43.1} o152
9 HDL-C 162%16.0 6492125 10.7 {~1.43/22. a.059
Simvastatin 33 TC 266132 20 4+282 ~2.4{-272/-19.6 <0.001
0 LDL-C 18025310 122£21.1 -302(-36.5/-23.9 <0.001
B TG 1548:£69.9 106.8433.1 =172 (~31.8/-0.7) <0.001
0 HDL-C 58.8224.4 60.0£17.3 7.2 (~8.4/14.9) 0582

TC, total cholesterol; LDL-C, low-density lipopsotein dholesterol; TG, tsiglyceride; HDL-C, high-density lipaprotein cholesterol

*C1, conftdence interval; UL, upper Bmit; LL, lowes Emil.
p value: significant difference between pre- and post-treaiment.

Table 3. Association of fipid-fowering effect by satins and OATP-C polymorphism

Pre Pout Change
IC N (mg/dL) (mp/dL) (DS‘}Z{’ oL LUty v
T© TT 44 259.4£35.4 20032287 -2.3(-250/-19.7) <008
TC 20 25685314 211.1£28.3 -16.5(-214/- 1.
LDL-C by 39 17a2+36.1 118.6+26.8 —20.0 (—33.6/-24.4) 6.094
TC 20 158.4%46.3 1764203 ~12.4(~32.4/8.6)
HDL-C T 38 612154 ST.0£13.7 12(~6.6/9.0) 0145
T 20 £.0£26.0 492167 111 (-53/21.4)
TG ko 40 170.7£89.0 125.8568.0 - 10.8 (~28.0/6.4) 0492
TC 19 1528497 127.6561.2 3.4 (-243/31.5)

TC, total cholestetol; LOL-C, low-density ipoprotein cholesteral; TG, iriglycerite; HDL-C, high-density lipoprotein cholesterol

*CI, confidence interval; UL, upper limit; LL, lower lmit,

P value: significant diffesence of lipicklowering efect of staing in TS2AC variand,
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Pravastatin, one of the statins, is widely used in’ the
of ipidemia. After oral i

DINA analysis: Genomic INA was extracted (rom

it is absorbed from the gastrointestinal ract, and then
taken up from the circalation by the liver through or.
ganic anjon transporting polypeptide C (QATP-C).!%9
OATP-C, encoded by the gene SLCO1Bi and also
referred to as liver-specific transporter 1 {LST-1) or
OATP2, is a liver-specific multispecific organic anion
transporter that plays a major role in the hepatic uptake
of a variety of endngenous and foreiga chemicals.’**")
In addition fo 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 SNPg
have been found 1o alter its transport activities.'>” The
distribution of OATP-C haplotypes varies among ethnic
groups. The T521C jsm is strongly i

blood h using an kit (QIAGEN
GmbH, Hillden, Germany). DNA was amplified by
degencrate oligomucleotide-primed PCR (DOP PCR).
DOP-PCR was

described,?? with stight modil as fnllowa The
PCR reactions contained 4 M DOP-PCR primer (5’
CCGACTCGAGNNNNNNATGTGG-3'), 4004M
ANTPs, 2 X GC buffer I, 2.5 mM MgCl,, and 2.5 U Tag
polymerase (TaKaRa LA Tag, TAKARA BIO Inc.)ina
final volume of 50uL. The reaction mixture was
subjected to an initial denaturation step of Smin at
95°C; 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 7min. Amplification was carried
out in a GeneAmp PCR System 9700 (Applied
Biosystems Inc.). Then the DOP-PCR-preamplified
DNA samples were subjected 1o BxoSAP-IT (Amer-
sham Biosci Inc) ding to ihe s

with the A388G variant in Japanese subjects,”?, whilein
Buropean Americans, the AJBBCS21 (OATP-C*5) allele
occurs at a considerable frequency of 14-15%.%2), An
in vive pharmacokinetic stady in healthy lapanese
subjects showed rednced total and nonrenal clearance of
pravasiatin in subjects with the G3B8CS21{OATP.
C*15) aliele as compared with individuals homozygous
for the G388T521 (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
hyperlipidemia in whom a statin was prescrived, the
effect of genetic polymorphism of OATP-C (T521C) on
the lipid-lowering response to statins 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 August 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 jnhibitor was conﬁxmﬂi
and the data of total HDL. 1 and

protocol to remave unincorporated primers and dNTPs
and used to determine the gene polymorphism. The
TagMan chemical method was used o detect the
OATP-C T521C (Vall74Al8) polymorphism. The for-
ward primer was 5'- AGG TTG TTT AAA GGA ATC
TGG GTC ATA C -3, the reverse primes was 5'- CTC
CCCTAT TCC ACG AAG CAT ATT -37, the T allele-
specific probe was 5'- FAM- CCC ATG AAC ACA
TAT AT-MGB -3/, and the C allele-specific probe was
5'- VIC-CCATGAACGCATATAT-MGRB -¥.

Statistical analysis: Allvalues are expressed as mean.
1 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 lpid values was analyzed by ¢ test for depend-
ent samples. Anatysis 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 to be significant. Statisti-
cal analysis was performed with SPSS statistical
software (SPSS Inc.).

Results

Baseline characteristics of the subjects are shown in
Tahle 1. Oul of the 66 subjects, 22 were treated with

triglyceride before and after the first administration
were transcribed. LDL-cholesterol concentration was
calculated using Friedewatd’s formula, Subjects who
showed low or no drug compliance in their medical
record were exciuded 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.

11 with in and 33 with simvasta-
tin, The allele frequencies of the OATP-C T521€ poly-
morphism were 0.85 and D.15, respectively, and agreed
with the results of previous reports in Japanese.’'2
Genotype frequencies were: TT, 66.7%; TC, 30.3%;
CC, 0%; undetersnined, 3.0%.,

Lipid concentrations in patients treated with statins
are shown in Table 2. The mean serum concentrations
of total cholesterol, LDL-cholesteral, and triglyceride
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(y 00!0) The puccm changes in total cholesterol,
., and HDL-ch

wnunuauons between pre- and post-treatment showed
no significant difference among the three statins.

The effect 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
521TC and 521TT genotype, from the baseline concen.
teation of 256.8% 31.4 to 213.1 % 28.3 mg/dL and 259.4
£35.4 10 200.3% 28.7 mg/dL, respectively. Moreover,
521TC heterozygous subjects showed a smaller decrease
than 521TT homozygous subjects. A significant effect of
the T521C variant was observed in the total-cholesteral-
lowering effect of statins (repeated measures ANOVA;
p=0.041). No statistically significant effect of the
TS521C variant wis found in the other lipid-lowering
responses to the statins (LDL-cholesterol, HDL-
chotesterol, and triglyceride).

Discussion

Cholesterol-lowering therapy is the central approach
in the primary and secondary prevention of CHD.
HMG-CoA reductase inhibitors (statins) are currently
the most widely used cholesterol-lowering drugs. Large-
seale clinical trials have wnequivocally demonstrated the
efficacy of statin treatment in reducing the risk of
CHD.27 On the other hand, an adequate reduction in
CHD events is not necessarily achieved in all patients
treated with statins 2* Pharmacogenomic variability is
an jmportant determinant of drug response. Axsessmem
of polymorphic genes involved in the ph

This effect increases the clearance of LDL-cholesterol
and leads to a further Epid-lowering effect. Suppression
of the synthesis and secretion of VL.DL by a reduction
of cholesterol synthesis in the liver also decreases serum
triglyceride. In contrast, the increase in HDL-
cholesterol 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 (ii) 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 CATP-C
T521C polymorphism is very law in Japanese (previous
studies reported 0.8% (ref. 22) and 3% (ref. 21)),
although the 521C allele occwrs at a considerable
frequency (16% {ref. 22), 11% (ref. 21)). In the total
3701 subjects in this cohort study, genotype frequencies
were: TT; 2175 (70.8%), TC; 750 (24.4%), CC; 80
(2.6%), and undetermined; 66 (2.1%), consistent with
previous reports.?%® However, no individuals homozy-
gous for the 521C allele were vitimately included in the
subjects for analysis.

The therapeutic efficacy of statins for total
cholesterol lowering was compared in subjects with and
without the 521C allele. The therapeutic effect was
attenuated in subjects with the 521C allele compared

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-
tage not only from the dpoint, but also

with those ! for the 21T allele. Therefore, it
is possible that lhe xeduccd hepatic uptake due to ﬂ\c
gene h i with the th

effect of statins. Th:s tcndenny is expected to be more
profound in patients homozygous for the 521C allele
to the results of Nishizato ef al*® and

in relation to cost effectiveness, since therapeutic drngs
for lifestyle-related diseases such as statins ate
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 af,.* Onthe other hand, Niems ef al, recent-
ly reported no gene-dose effect of the 521T > C variant
on the systemic exposure 1o pravastatin.?? Haplotype
analysis revealed that the haplotype containing the
—]1!87G>A 388A>G and 521T>C SNPs had a

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

Previous Jarge scale clinical trials of statins reported
18-27%, 25-46%, 10-16%, and 5-8% reductions on
average in serum concentrations of total cholesterol,
LDL-cholesterol, triglyceride, and HDL-cholesterol,
respectively.2? Our results essentially agree with these
results. Serum mncenuauonsu“mal cholesterol, LDL.-

i d d after
administration of statins, but HDL-cholesterol did not
change significantly. The major effect of statins is
considered to be the npregnlation of LDL receplors.

and triglyceri

pr effect on the AUCenu of
pravastatin, This result suggesis that the 521T>C
variant is not the only predictable SNP of the OATP-C
phenotype, and haplotype analysis is more informative
than single SNPs analysis. Further study is required to
clucidate the most effective SNP or haplotype for
predicting OATP-C phenotype.

Unlike pravastatin, atorvastatin and simvastatin have
not been shown to be a substrate of OATP-C. Since
atorvastatin 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 jt 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 bady. 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 attennated cholesterol-lowering effect of
simvastatin treatment in subjects with the 521C allele,
Genetic polymorphisms in drug-metabolizing en-
zZymes, transporters, receptors, and other drug targets
have been linked to individual differences in the efficacy
and toxicity of many drugs. Therapeutic effect is detes-
mined by the interplay of several genmes encoding
proteins involved in multiple pathways of drug
metabolism, disposition, and effects *® 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 nseful for
the prediction of effects and adverse drug reactions to
statin therapy are available.”™ Qur results indicated
that the T521C polymorphism in the OATP-C gene,
which is one of the transporters related to the phar-
macokinetics of statins, affected the ic effects

4]

2

Iipid lowering by pravastatin on progsession and regres-
ston of coronary aslery disease in symptomatic men with
normat to maderately elevated serum cholestero) levels,
The Regreasion Growth BEvaluation Stalin Sludy
(RBGRESS), Circulation, 91:2528-2540 (1995).
Sacks, P. M., Pleffer, M. A., Moye, L. A., Rouleau, J.
L., Rutherford, 1. D., Cole, T. G., Brawn, L., Warnica,
1. W, Arnald, 1. M., Wun, C. C., Davis, B. R. and
, B.: The effect of in an cosonary
events after myocasdial infarction in patients with
average chalesterol levels. Cholestern} and Recurrent
Bvents Trial investigators. N. Engl. J. Med.,
235:1001-1609 (1996).
The Long-term Intervention with Pravastain in
{schaemic Disease (LIPID] Study Group.: Preveniion of
cardiovascular events and death with pravastatin in
patlents with coronary heart disease and a broad range
of initlal cholesterol levels. N. Enmgl J Med,
339:1349-1357 (1998).
The Kyushu Lipid Intesvention Study Group: Pravasta-
tin use and risk of coranary evenis and cerebral infarc-
tlon in Japanese men with moderate hypercholesterole-
mia: the Kyushe Lipid Intervention Study. J. Atheros-
der. Thromb., 7:110-121 (2000).
Scandinavian Simvastatin  Survival Study Group:

of statins on hyperlipidemia. Assessment of the OATP-
C T521C polymorphism could be useful for the
prediction of therapeutic efficacy and the risk of statin
treatrment in individualized medicine.
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