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Figure 2 Molecular mechanisms of cholesterol efﬂux from cells. Intracellular cholesterol is transported by Cdc42/N-WASP
pathway and delivered to the surface of cells such as magrophages. The cholesterol is taken up by lipid-poor apolipoprotein
(apo) A-I via ABCAL1. Otherwise, it is taken up by small high-density lipoprotein (HDL) particles such as HDL; through passive
diffusion or via some receptors/transporters. These include ABCG1, SR-BI, SR-BIIl or GPl-anchored HDL-binding proteins.

Passaged skin fibroblasts obtained from human sub-
jects have been frequently used as research tools in the
fields of lipid and lipoprotein metabolism. Age-related
alteration of cellular lipid metabolism has been
reported in fibroblasts obtained from aged animals and
humans, indicating that lipids such as cholesterol and
ceramide accumulate in aged cells.’ One of the major
characteristics of cultured aged cells is known to be an
enlarged and flattened morphology with altered actin
cytoskeletons.' It has been reported that one of the
major determinants for actin cytoskeletons is the Rho-
GTPase family,'"? which functions as a molecular
switch regulating various- cell-biological functions
with the use of energy produced by the hydrolysis of
guanosine S’-triphosphate (GTP). From basic science
perspectives, an increasing amount of evidence has
been accumulated to show that the Rho family has
multiple functions that involve not only the rearrange-
ment of actin cytoskeletons but also the regulation of
transcription, adhesion, cell motility, cell cycle and
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vesicular transport (Fig. 3). However, the pathophysi-
ological and clinical relevance of these small G
proteins to human diseases have not yet been
clarified.'>"

Cdc42, a member of the Rho-GTPase family, was
originally identified as a molecule responsible for the
budding of yeast as well as the regulation of actin
dynamics.’? We have recently reported that the
expression of Cdc42 is reduced in association with the
abnormal actin cytoskeletons in cells from patients
with TD" that is a model for the impairment of intra-
cellular lipid transport and subsequent efflux from the
cells.” We demonstrated that Madin-Darby canine
kidney (MDCK) cells expressing dominant negative
and active mutants of Cdc42 showed the reduced and
increased cholesterol efflux, respectively.'* Based upon
these data, we proposed that Cdc42 might play an
important role in intracellular lipid trafficking and its
export from the cells. Furthermore, we speculated that
some of the Rho-GTPases could be involved in some
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of the cellular events in senescent cells with abnormal <
actin cytoskeletons. It was suggested that cytoskeletons .

such as actins and microtubules could play a role in
the vesicular transport of proteins and lipids'®'” and
that Cdc42 may play an important role in vesicular
transport.!t1218 Therefore, we aimed to detérmine
whether intracellular lipid transport is altered if. aged
fibroblasts in association with a decreased expre'§éion
of Cdc42. To analyze intracellular lipid transport, we
used fluorescent recovery after photobleachmg
(FRAP), which is a powerful technique that is-used to
investigate the intracellular transport of hplds and.pro-
teins in living cells.”®?

Werner syndrome (WS), first described by Werner,
is an autosomal recessive disordef. that' belongs to a
category of diseases called human premature aging dis-
orders.??* The patients with WS suiffer frorn malignant
neoplasmas and premature ‘atherosclerosis in their
40s. Since the identification of the WRN locus on
chromosome 8p responsible for WS, the biochemical
and biological studies hive revealed that WRN
protein has activities for DNA helicase, ATPase, and
exonuclease.?*? Some patients with WS exhibited low
serum HDL-cholesterol levels and tendon xanthomato-
sis and abnormalities were “observed in patients’
macrophages.?*3 However, the molecular mechanism
underlying the premature atherosclerosis in WS
patients is not yet fully understood. In the current
review, we will focus on the impaired efflux of choles-
terol from aged cells and WS fibroblasts and its molecu-
lar mechanism as-a basis for age-related enhancement
of atherosclerosis.
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Imﬁ:iiréd cholesterol efflux from aged
cells and its molecular mechanism

Effect of in vivo and in vitro aging on the
expression of immunoreactive mass of Cdc42 in

human skin fibroblasts

The effect of in vivo aging on the expression of immu-
noreactive mass of Cdc42 in human skin fibroblasts was
examined. The expression of Cdc42 declined with aging
(Fig. 4).32 The expression of Cdc42 was significantly
lower in the cell lines from the subjects aged more than
80 years than in the cell lines from control subjects. In
addition to the expression levels of protein, the GTP-
bound Cdc42 was significantly decreased in the cell
lines from the subjects aged more than 80 years. Fur-
thermore, the expression of Cdc42 was significantly
decreased in the cells with higher population doubling
levels (PDL), suggesting that the in vitro aging also
induced a reduction of Cdc42.

Intracellular lipid transport in the aged cells was
examined by using the FRAP method. We have tested
the lateral mobility of lipids in the Golgi apparatus by
FRAP with the use of a fluorescent ceramide (C6-NBD-
ceramide) as a tracer. Previous studies reported that
the kinetics of C6-NBD-ceramide closely reflect that of
cholesterol.2*?'® After incubation, C6-NBD-ceramide
accumulated around the Golgi apparatus. After bleach-
ing, the recovery of fluorescence intensity was moni-
tored, and time constants were measured in the defined
region. The time constants for recovery were signifi-
cantly prolonged in the cell lines from the subjects aged
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Figure 4 Effects of in vivo aging on expression of guariosine S'-triphosphate (GTP)-bound active Cdc42 in fibroblasts.
GTP-bound Cdc42 was assessed by Cdc42 activation-assay when all cell lines were at population doubling level (PDL)24. The
expression of immunoreactive masses of GTP-bound Cdc42 in human fibroblasts was significantly reduced in the cell lines
from aged subjects (P < 0.01). Reproduced. from Tsukamoto et al.** with permission from <publisher>.

more than 80 years compared with those-of the control
subjects. The time constants were also significantly pro-
longed in the cells with higher versus lower PDL. These
data indicated that intracellular lipid transport in the
Golgi apparatus was retarded in skin fibroblasts from
aged human subjects as well as in the cells with in vitro

aging.

Effect of adenovirus-mediated complementation of
Cdc42 on retarded intracellular lipid transport and
cholesterol efflux in aged human skin fibroblasts

Thus, we hypothesized that Cdc42 may regulate intra-
cellular lipid transport in the aged fibroblasts. We intro-
duced the following Cdc42 constructs into the cells by
using adenovirus-mediated gene transfer. We made
adenovirus vectors encoding the wild type of Cdc42Hs
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(myc-Cdc42Hs-WT) as well as its dominant-active
(myc-Cdc42Hs-DA) and dominant-negative (myc-
Cdc42Hs-DN) forms. We confirmed the expression
of the transgene by immunocytochemical analyses.
Fibroblasts infected with adenovirus encoding myc-
Cdc42-DA exhibited the development of filopodia for-
mation, which was consistent with previous reports.''?
Fibroblasts infected with adenovirus encoding myc-
Cdc42-WT or -DN did not exhibit manifest morpho-
logical changes. However, we could observe that few
cells strongly expressing myc-Cdc42-WT exhibited
quite similar morphology with cells expressing myc-
Cdc42-DA.

Finally, to elucidate the contribution of the decreased
expression of Cdc42Hs to retarded intracellular lipid
transport, we performed a FRAP analysis in the aged
fibroblasts infected with the adenoviruses. The comple-
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Figure S Defective cholesterol efflux from Werner syndrome ﬁbroblasts.'Apo A-I—n;’edjated (left) and HDL;-mediated (right)
cholesterol efflux were both significantly reduced in Werner syndrome fibroblasts. Reproduced from Zhang et al. ** with

permission from <publisher>.

mentation of the wild-type Cdc42Hs corrected com-

pletely the retarded FRAP in the aged cells, whereas no
significant differences of FRAP were observed between - .

cells infected with and without adenovirus encoding
LacZ. We also analyzed the effect of the introduction of
myc-Cdc42-DA and -DN into these cells on intragellu-
lar lipid transport. The time constants were also signifi-
cantly shortened by adenovirus-mediated introdiiction

of myc-Cdc42-DA in the aged cells, whereas inféction

with myc-Cdc42-DN prolonged the time constants in
the aged cells. FRAP was significantly. retarded in
control fibroblasts infected with adenovirus encoding
myc-Cdc42Hs-DN compared to fibroblasts infectéd
with adenovirus encoding LacZ. These results support
the hypothesis that Cdc42Hs plays an imiportant role
in regulating intracellular lipid tranpsport, suggesting
a novel involvement of impaired.Cdé42 in aging-
associated progression of atherosclerosis.

"We have recently demonstrated that ABCA1 and
Cdc42 could co-localize arid have: a possible protein-
protein interaction in the transfected cells.> These two
molecules and others might- synergistically work and
contribute to the intracellular lipid transport as well as
the exporting lipids from cells. It is important to know
the mechanism for the decreased expression of
Cdc42Hs as well as the reduction of GTP-bound Cdc42
in the aged cells: Because our preliminary data showed
that Cdc42 mRNA appears to be decreased in those
cells, the reduction in the immunoreactive mass of
Cdc42 and GTP-bound Cdc42 could be explained at
least in part by some alterations at mRNA levels. We
reported that the expression levels of Cdc42 mRNA and
protein were decreased in cells from patients with TD.

210 |

We could speculate the possibilities of involvement of
telomerase, however, further studies are required to elu-
cidate its molecular mechanismes. It is also important to
" know what kind of effectors of Cdc42 are involved in the
intracellular lipid transport, because the Rho family
members are believed to be a kind of molecular switch

" that activate the downstream effectors. Previous experi-

‘mental studies have demonstrated that Cdc42 regulates
-a variety of essential cellular processes, including actin
dynamics, cell cycle, gene transcription, adhesion and
vesicular transport.

Impaired intracellular transport and

efflux of cholesterol in fibroblasts from
Werner syndrome

Marked reduction of cholesterol efflux in fibroblasts
from Werner syndrome

As mentioned earlier, the patients with WS suffer from
cardiovascular diseases due to an enhanced atheroscle-
rosis. We wanted to determine whether cholesterol
efflux may be impaired in WS.* We measured choles-
terol efflux from the skin fibroblasts from two unrelated
patients with WS using two common acceptors for cho-
lesterol efflux. Apo A-I-mediated cholesterol efflux was
markedly reduced by approximately 70% in the WS
fibroblasts lines, as compared to normal fibroblasts
(Fig. 5, left).* The HDLs-mediated cholesterol efflux
was also decreased in the WS cells (Fig. 5, right).?* We
also examined the cholesterol efflux from SV40-
immortalized WS and normal fibroblasts. Similar data
were obtained in the immortalized cells, showing the
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reduction in both apo A-I- and HDL;-mediated choles-
terol efflux in the WS cells.

Marked retardation of intracellular lipid kinetics in
WS fibroblasts

We examined the intracellular lipid trafficking in the
living WS cells by the FRAP technique, using a fluores-
cent ceramide as a probe. After incubation, C6-NBD-
ceramide accumulated around the Golgi apparatus.
After bleaching, the recovery of fluorescence intensity
was monitored and time constants were measured in the
defined region. The time constants for recovery were
significantly prolonged in the WS fibroblasts compared

with those of controls, indicating that the intracellular’

transport of lipids might be markedly retarded in the
WS fibroblasts.

Increased intracellular cholesterol levels and
expression of cholesterol efflux-related molecules
in WS fibroblasts

Cellular cholesterol contents were significantly
increased in WS fibroblasts compared with those of
control fibroblasts, which was due to the defective cho-
lesterol efflux from cells. To understand the underlying
mechanism for the impaired cholesterol efflux from WS
cells, the expression of cholesterol efflux-related mol-
ecules was analyzed. The expression of Cdc42 protein
was markedly reduced by 70% in the WS fibroblasts
compared with fibroblasts from normal subjects. The
GTP-bound active form of Cdc42 was also markedly
reduced in the WS fibroblasts. However, quantitative
reverse transcription polymerase chain reaction (RT-
PCR) showed that Cdc42 mRNA levels in WS fibro-
blasts were not apparently changed compared with
normal fibroblasts. We analyzed the following two
major molecules involved in cholesterol efflux from the
cells. One was ABCA1, which is known to be a prereg-
uisite molecule for apo A-I-mediated cholesterol efflux.
RNase protection assay and Western blot analyses
revealed that neither ABCA1 mRNA nor protein was
altered in the WS fibroblasts. The other one was the
scavenger receptor class B type I (SR-BI), which was
shown to facilitate HDLs-mediated cholesterol
efflux.3**” However, we did not observe detectable SR-BI
protein in either normal or WS fibroblasts under the
same conditions.

Introduction of wild-type Cdc42 corrected abnormal
lipid transport in WS fibroblasts

To test whether the decreased expression of Cdc42 is
directly responsible for the defective cholesterol efflux,
we tested the effect of WT-Cdc42 introduction on apo
A-I- and HDL;-mediated cholesterol efflux in the

© 2007 Japan Geriatrics Society

normal as well as WS fibroblasts. We observed a dose-
dependent increase in apo A-I- and HDL;-mediated
cholesterol efflux in the WS cells” infected with
adenovirus-encoding Cdc42. In addition, in the normal
fibroblasts, the cholesterol efflux was significantly
increased. The introduction. of WT-Cdc42 completely
corrected the abnormal intracellular kinetics of ceram-
ide in the WS fibroblasts. The effect of complemen-
tation of Cdc42 on cellular cholesterol content was
determined, and cellular cholesterol content was
decreased by introduction of WT-Cdc42. These data
demonstrated that the observed abnormalities in lipid
transport could be corrected by WT-Cdc42 without the
introduction of WRN protein.

Mechanism for impaired Cdc42-mediated
cholesterol efflux in Werner fibroblasts

The molecular mechanisms for the premature athero-
sclerosis "observed in WS patients aré¢ currently
unknown. The cells from WS were reported to exhibit
various cell-biological abnormalities such as genome
instability, reduced replicative capacity, shortened
telomere and hypersensitivities to DNA cross-linking
agents.® The current study has demonstrated the
marked reduction of apo A-I- and HDLs-mediated cho-
lesterol efflux in the WS fibroblasts in association with
the decreased expression of Cdc42. However, this phe-

notype was mostly corrected by introducing WT-Cdc42.

Is Cdc42 involved in cell-biological
properties of senescent cells and
age-related atherosclerosis?

We have recently proposed that Cdc42 may be impor-
tant for lipid transport, based on our finding that
MDCK cells expressing dominant active and negative
forms of Cdc42 display a respective increase and
decrease in cholesterol efflux.’ Following this report,
other researchers also reported that Cdc42 might be
involved in cholesterol efflux.’** Furthermore, we dem-
onstrated that Cdc42 may play an important role in
intracellular lipid transport in the aged fibroblasts in
vitro and in vivo.”> Because Cdc42 regulates not only
actin dynamics but vesicular transport, we speculate
that vesicular transport may be involved in the process
for cholesterol efflux.*“? The mechanism for the reduc-
tion of Cdc42 protein in both aged and WS fibroblasts
remains to be investigated. We recently reported that
Cdc42 protein was decreased in fibroblasts from
patients with TD. TD fibroblasts show properties of
senescent cells such as slow proliferation, increased cell
size and decreased filopodia. In these cells, Cdc42
mRNA was also decreased. In contrast, the level of
Cdc42 mRNA was not altered in the WS fibroblasts,
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Figure 6 Molecular mechanisms for enhanced atherosclerosis and cardiovascular diseases associated with aging. Reduction of
Cdc42 may play a pivotal role in the impaired intfacellular lipid transport and reduction of cholesterol efflux from cells.

suggesting that post-transcriptional regulation. “is
involved. Because WRN protein is multifunctional in
regulating recombination, transcription and apoptosis,
WRN protein could directly regulate the protem expres-
sion of Cdc42.

The molecular characteristics of WRN ' protein as
DNA helicase have been extensively studied, however,
there are many issues to be clarified, including the
molecular mechanism for premature atherosclerosis
and accelerated aging in WS. The adenovirus-mediated
complementation of Cdc42 corrected the abnormal
intracellular lipid transport, cholesterol efflux and cho-
lesterol accumulation. Taken together, the following
hypothesis can be proposed. The reduction of Cdc42
may cause abnormal intracellular lipid transport and
lipid efflux, leading to the accumulation of cellular
cholesterol.

Furthermore, Cdc42 is known to bear some essential
cell-biological activities including regulation of actin
dynamics, cell cycle, transformation and vesicular trans-
port other than lipid transport. It is possible that the

212 |

decreased expression levels Cdc42 could be involved in
the development of age-related enhancement of athero-
sclerosis and premature aging phenotypes of WS. The
reduction of Cdc42 protein was observed in cells from
normal aged-subjects and those from patients with TD.
We recently found that fibroblasts from TD patients
exhibited cellular senescence (unpubl. data). Taken
together, the reduction of Cdc42 protein might be a
general problem in cellular senescence and a back-
ground for age-related enhancement of atherosclerosis
in humans (Fig. 6).
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AFEY vy Ty Fu—ACBENARERVCTROBRERETHY, A5EF)y
73y FU—LHELSEFEEHKRBD 1 OTHL. BEFMTOER, 27Xy
7Yy FO—ARERZRICEVREELET 5 3~ 4 B LOMN LRELNE
TH2LDEEZOLNS, AT FEMBHOEREHBLELT, 2FXKIv I Y
Y RO — ADEBRRIM A EET RO OBERRET & ROEFERIES IR Y
Dok b, AFEY v Yy Fu—ADRERROEIE, ZOIEHLBE & HERN

LERRAAIEETH 5.

2L oIl

A EYw s Fa—n&i, fisro
HEORRMERED D L ICEMOE ME R
HFVFEEL, BRICLOMERBEZTIERED
TIREL ERTE L. HE, AFK)v I ¥
Y=Ll BERBESSHIZIRES R
HIZE-EHRICIE, BRESCBIME, &3
L A7 O — VILEE % ¥ OBRFEOEBOGERER
FREBENRE LB ICRATLEI NS
JAZERADA ) —= v T OLERDDH -
Tz, LI2AW, BATOBWEE it
BEDAYEY v 7YY Fa—20.0MMEY)
A7 OERKITENEW 3BEREY &, BFED
HWRHMOGKRETIZE S ) A7 HKEIZIZRE
Bzl g, Hizent ) A7BOTFHRAE

T WRAERFRRERMEH BRSTRE BB
F—J— K. AFK) vy Fa—4,
1 ¥R VEGUE, BET, BN,
T AT

FELTHPpEEERA . ZOHERAELT,
AYEYw sy Fa—L0EAPLT LY
BHOATIREWI EIZMAT, 2¥K) v
U FO—ANHE—ORETIZ RV LA
Fonhs, RETIE, EENLENELLS XS
KYv sy Fo—s0iKHERREIZEAL T
EEEMZ Iz,

AERY T FO=-L0D
EIREFDOFR

WA RFRIKELKRABOBEE (her-
itability) 2B LERWLHETDH S
2, A¥ERY vy Fu—AItETAIRAE
WO RIZIDBE, AFZKY 7TV F
O— AZEBR R, fRE, mE, BIURK
HORFERIVWTRLBVREE (052~0.80)
RHEOBERETHLI LBRINTVESY.,
TOIERS, AFEKY) vy Fu—Aid
HEEIE (BRENT) LHEBO&ZERET K
BREUEET) PZORECES TS,
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1 AFARICEZ A 2K v 722 KO- LOBRETF DM

Kaiser Permanente  Framingham Strong Heaft Study Honolulu Heart  Japanese Am_erican
Women Twin Study  Offspring Study of ﬁr(’;\;u;gan J Program of. .Commumty
apanese American  Diabetes Study
hE BMI BMI &
BERE 5 % W/H t TrhaA-2 FE
1Y 12X 12 &4
Fia—2x pERERS
1) HDL-C B Fia—-2x R
1A Jia-2x
A gwa-x f ) 122
12X kit mE CRP
ik R ES HDL-C
HDL-C B i ah; miE
HE HDL-C

W BT, W RS CH SRR T, D EHE B ER T, DB BN T

BE3E D BKO [SAOMEE] SR

bW b ZHFEEHERE HEREEER ©
12oCThHhrLEEZILNS,

—%, ZRFEEHEBREL LTOBRALH
A¥ K vy Fu—AOBEZEHEHERRA
FERARLBEV RS IR TS, BT
487 (factor analysis) (X, fKERME, 1
YAY EE VoS EWICEEDFEVRERE
HeBOo»OMY LI-RTOH L ITHHT 5
SERBNEO—HETHHD, AEIZE-T
INFTIC 20 UEOKRBE L RERNET—
BB INTHWE., FOHERIVTRD,
AZEYw s rrn—alldzbidlldy 3~
4 U EDOHE WM L 72K EF (com-
ponent) 5% AT ExRLTWS (A1),
Thbb, A¥KRY v sy Fo—LldElE
MEBlEh,r O RTHE—DRETIIRL, Fh
FRIIEVEEEEET A0 Lb3~4
AL L DM L7 REEXNETLLDEER
bha, TOZkid, #EMICERALIZEZ
F—TH5HRKEADERZIGE LB
X T1DE22) IBVWTHRENTV S,

RF 2 HOREA

HF I DERTIX, 1 AU 2R
H, Bie o7z HlBORET L EFICHE S
e (M1) Zehs, RIDA Y AY VK
MBI ERERFEEOERICHFET AT &Y
TgEIhD, i, SEFOPTMEBHER
FHEMTHHE SN EGENEZNIELD,
AFERY) w7y FO—ADHIIH - TIFE
DREIMBORE L IREERPRRL - /2
BOTIEHALOEERERLZINTVEY, L
PL—=KHT, AFRY) vy Fu—LD
HA2ELHEHTHRFSNAZHINTHLH
KoL T, #HMLERLIHB I TVSY,
Thbb, BEFSHIEARNE, EPFRLREER
ICEDWTHESNREEZRET 2 BWIC
RIFEFICHEHTH DD, HEET—5E2D LI
AW KR PR AR 72D, REH L E
CHHTHWADWEGRTH 5 LR TH
B, SHICMFEICELTYH, DU mE & 95
RMIMED & ) ICEWIZIEF ICHRICEEY
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HIIRERER T

IRS—1, IKKB , JNK, AMPK, SCD—1, 118HSD~1

FNVEZ, 1AL
LVI7F2, PF1X2IF 2, TNFa

BB F\\\::>\

&#E5@F
PPAR«a, PPARy, SREBPs, LXR

BEEE [ BAKO [SHOME] S8

HET & FERICHATICMR 5320 %%, IMER
ERTFHAEMTHHE SN TLEIBRATHS
IENBHEINTWAE., LoT, HF5HD
HPIIERERIIBRLZ2INE SRV, X
YR sy Fa—ahNETEREST:
FENFNRZFNIHEOBEZENERTHO»IC
FBRIEN, AYR) v s FU—-ADL
DIERER BHT & IR LRERANAICEETDH
AT EIEHATHA.

XK o TS0 KO~ LAOEHERT

Reaven L, A% KJov o> F‘D—A'

ORHEEBRELRTLIDOELT A VA Y
EHttoE] MEEHshTw5”, iz,
AV R) I MEEREO 1 5 F % KR
TAHYIATIE, BHEPFLELAA VA
U UHEBEOTTEIIMR, 25K vy
Fo— AR IRER#RE L BEE
EThrIEMEShT5Y. F/, BB
MR A v R VIRSEHRRE - FREAH, m

EORABIZHT 53T ST ABEEYHE
(7F4RFAL b V) 2BEELTED,
R ERORED 4 v A VMR A
FEY) 23y Nu—LORBEHE - 5
TAHARFTHAILIRENTVS., TDOX
IR AFYEY vy Fu—LDFERELD
) HEMET (B2) (CHEET 5EET,
AZEY) 2y Fu—AORBESHELYH
ETHLHEDLERMEETTHL. EBIZ, %
BOBHEET LOERRLERIL A 5K v
'7>7FU—AK%E?6§ﬁﬂk®@TK
{ HHEBEFE (association study) »3fThHh,
BERORBPMEOBMICEELHEPROND
BEFrEorHEINTVS (FR1).
hoDHT, PPARy BIZF D Prol2Ala %
RIS 2 RISEIRIRORIE) A7 & 25% FEREHY
mssesh, SHZEARANIBWTHHER
ERTWw3BY, I, TF4 XA F VEIE
F o llel6dThr ZEAFHERAIBTET
FA4 ORI F VM EBERFICEEL, 25
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UCP1 & 2 (BR#t&&>/xvE18&2)

#EFH Rk tOBRE S8 /ER RAEY 3 RBEY
LMNA (53> A/C) 1g21 H566H TG, HDL & MS
CAPN10 (#HJL/%1 > 10) 2q37 SNP-43 BS, TG (BE##& T)
PPARG (PPARy) 3p25 P12A TG, HT, IR & MS
Adiponectin (7F 1 K27 F>) 3q27 1164T MS

GCCR (#L32LUF041 K2EME) 5q31 RFLP Ob, HT, IR
ADRB2 (8. 7 KL+ 28K) 5q32-34 G16R MS (8% 7)
NOS3 (AR &IFME NO & RLEEHE) 7q36 7164G-T, D298D HT & MS

INS (1>21>) 11p15 RFLP- TG & MS

APOC3 (7K %> 1t7 & C3) 1123 455T—-C TG, Ob & MS
APQOC3/A4/A5 11923 SNP Ob, HT, IR, TG
(PR %> 1578 C3/A4/AS5) :

INPPL1 (SHIP2) 1123 SNP  HT & MS

GNB3 (G & /N0 EBs ¥ Ty ) 12p13 c825T HT & MS

UBL5 (BEACON) 19p13 SNP BS, TG, Ob
PPARA (PPARa) 22q12-13 L1862V TG, HDL, Ob

Z DEDBIEF : ADIPOR1 (FF4 B2 F SR 18), ADRB3 (B3 7 KL F VU 2EK),
LEP (LFF>), LPL (UKRELNRTEYIN—F), PTPIB (2 /X0 EFO B A B{LEESE 1B),

SNP : H—153£ A, RFLP @ HIRERUMFRSE, TG &Y 7Y &) FIUE,
HDL : & HDL 2 L A 70—V ifijE, MS: EDMDAYKY v 7 ¥ Fo—s0FEBE, BS: #EAERF,

HT : S, IR: 4 v R »ikyitt, Ob: iR

K)oy Fu—ABLUHEBRESRE D
B B RER S SN TWw5 ",

LT A REEERICL S
B A& T EDIER

RFBWNR LR P CHEOBEZET SRR
S G8E) SNTWHER%ESH (linkage)
EIFY, FREBHEETEIFA—FEEk Lo
EECMETAILE2EKRT S, 20 [EH]
O ETE, BEF~—r— LEEER
FLOMORAEZEDPSFRBETFORE
EDNEFHET S HEIEHBITETH
L. b/ LOBRICEY, ¥ AR
BEEIIHETAYA Ut T I MR-
—RH—IERLR (SNP) %R EDEETEE
DA yasehER, ¥ LAeREHEBL
ESEEAT CH AN AT e L 2D DDH 5.

1. BHOME RFICHRE U /R
Framingham Heart Study ®%8%#& % %}
I, AYXR )T Fa—AlHETS
5o0FE (WHEHmE, M) 7IuE)F,
HDL 2L X5 a—)b, [MEEHE, BMD) B &
I 5258ELLE (A5K) v
YyFE—LRTT I MSS EER) IIHLT,
A4 rutFI4 hv—H—HLET/
LB AT o 2RV RAMESIN TS
(ZOBBEDNEE T TR THEILTEL
bOTHAH7:0, BEMEEBEFE I QTL
L HFFENE)Y. TOHRE, BOBOD
DIE R MSS (I HEHIFHVESE Z R T ¥ —
I BEOPOLABERITHEL TRONZD,
Oy FXa7T 33 UEEENZEE (sig
nificant) 7Z@ESRIIFRO LT, 19 DlEE S
NBREER (suggestive) ZEEHAH T AU
Zooh (M3), FREB LU MSS O
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b oL ET.
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HDL : HDL 2V AFu—xk, TG: M) )+ F, BS: MmE#E, BMI: KigiEk

%2 BWEDEEE, FAQy KX27, QTL 4% (Framingham Heart Study)

(CER” & D 5IA%%)

e BizE By X327 QTL ($8) coM**
IRHEHA M E 0.48 1.93 1p31 97

HDL 2L 2x7O-Jb 0.62 2.27 15p13—q11 1

NUE/AVE 2NN 0.56 1.85 3p26 9

myE(E 0.39 2.37 Spter

RIRIEEL (BMI) 0.51 1.86 12g21 85
AFFY UL RO-LZXAT7 (MSS)* 0.6 1.82 12q13 63

T MSS i, LESODOBEICHT AEESELRAML, FHBIUHNTHEL-b0LER.

* RERORRG A L OB, M LY FELS .

Elnn . K}'{@ FAH 0)%; J %}!ﬁ-

BEEIRRIZY 039~062 LHEL, 25
DOFEERE LT MSS.OEEED 061
EBOTHEVWZEWE, A5 K)y o2 U F
O— LDV HZEFIKRECHEEL T
5ZLERTIDOTHS. LI L—FHEBHD
¥ —27ZB LT3, myEfE, HDL 2V A7
o—), EHMEOBDBODR KTy K
AATHENEFN 237, 227,193 &, RIE
B LNV OEEFHERISNADIIHL T,
MSS TiZ 182 ¢t LAZENLZTHE AT v
FRar7L2BONRTVwEWY (R2)., Ew
BZHBEZOHBIZ, X5 KXYV 2V F

O — A DBWHEIZHV SN D 5 DOBHEI
LT, ZLHDHAEDLEREATITIZHE
THEE L ETIHEAMIZORME b o TA
YEY v sy FuU— LAk EHETAHETH
¥, BIERTFORBNEZBDOBODOTE MM
DHEIIHRTLTFLIRESIN NI L%
RLTWwS, Zhid, (28K Yvsr U F
O — AEBOMY LABERET R A
L%b] EVORFHINOERIIERL, &
BAYEY) v 7Y ¥a—L0OBEBF 24T
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HERITAGE Family Study (281F% 456 A
DEHABLV 217 NA\OBAZGRE LT,
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(R3). ZOZLIEAYFY vy v Fuo—
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HKOVTBHMBLUBREINLERETHEH
EXRLTVS

3. F/LT7A FEHEBITOE LB

BAET T, 2ROBEBRIEEETEM
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FEY Yy 2y FU—ADEELRKBRS
HBEZETFHVEET DT EEITFEVD. L,
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Genetic susceptibility to metabolic syndrome

REREED

Takanari Goropa

HEKNFENFBRE PRI RHERR 5y T4

OXA2KY v 72 FO-L(MetS)ICETh3 TN FhDRBERVThLBEHETH Y, MetS BHRHLER
DEEAFEERE L TARBLEBFE L EORBERAFOATFFI MO RECEIHSBEHMETHS.
FHMOIER, MetS B VIHIT L AEBOREEALTSY, TOLRICEEELTS U HERE
CRBFHERBE LARBORFHIFETIHNDEEA SN 3. EMIROKRER S LX) M EAMICEET 3
BEFIE MetS NEBBZMERETIANLEHBEFTHY, ERCSBOBRBEETLOERXSE
& MetS ICBIET 2RBE OB TABLEREArBEShTWS. £/, ¥/ L71 FEHBTOBRIZLY
MetS DIEBBRZIMERET 5V D DOEEHER(E 1, 6, B 7 REEFLE) &ETORRAICH S &N
BEFHIASHPICENDDHS. MetS DBIZFEEDENAIL ZDIERL B EBROLERAAICE > TER

Ehs.

Doy, © mmmmEE, <R UERE, BFSH. ROEGT, /L0 SEHER

A& KR v 7 v Fua— A(metabolic syn-
drome : LAT, MetS (B8 T) 2 2 D, 500
HBORRBEB D H & ICEBORBME GERET
HEEL, AFRCLMBESELIIEZE TREL
LCiEEanLY, BRI NIIE &% L AE
BELl, Z20E»ICRENAMEE, MESE %=
BERMESED > b0 2 HAM L2 TH&L
BRI EREZE SN T 22, FHE, MetS &)
BRRBE S DD 6 IcRIBEINBICES BRI
13, BRRPENE, SalLRFo— LIk &
DO B fEMEAF 2 EHENRE LG8
BNTLEINAVARAIVERDAI Y- TD
WHBEENH -7, LI AHD, ThETOBHE
I 2B A D MetS DLIMEY A7 DR
KiZE Ve 3 HREY L BED BB OEREF
kB RAZEREZISABEICHEEDY, ok
BNALYRIBOFHRFLEL TRV E
W ZDREALE LT, MetS DA RST LD
G Tida 2 EICHIZ T, MetS 23Hi—DjRkE

TREWZ ExblTons,
AETIHBENLEIED S, MetS OKA & IREE
WCBL TEBEZMZ 120, ‘

& AFRU v oYY KO- LOBEETFO
=&

MetS & FN 2 FBELBRET, 74205 AR
FEL i < T 6 2 8 (2 BB BRAG), R RR LA <> = 1
FEiZ, N b AEERER KT 2EETH S,
D7, MetS bEBOBRERTFOFELZER
LT, 22 ICAEEER COBRERF AR
bHRIEICED, LWbWBEAEEE (complex
trait) & % > 13 % R 78 G5 B (multifactorial dis-
ease) THREEZONTWB(H 1), BERTF &
LT, BN BMBE OBEASZ, &Y
BHEDBECR R, EEAR P Z I ) i, A
A BTG A 7 VICERT 32 BEAERD 7 v
NI VR, HEVRFERREEELL EBERHS
NnTw3—457T, BEAFICEL i+

EZD&HH Vol. 217 No. 1 2006.4.1 | 127
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M=ER
5 % 3 % B
# 7 7& x —
iE B & B
718 i =
1% H
5 &
K -
3]
A
#5R=RE (complex trait)
ZHFRIZEAKE (multifactorial disease)
1 BABEHEELTOAZERY Y2 F
O—AI

WKL TRAZW(A FXE) BH),

WA R ZE 139 B > R B 0 38 {5 BE (heritabil-
ity ) 2R b5 L O EXNLHETH 598,
MetS BT 2 WAERHAEOHKRICL B L, MetS
ISR RE, BRE, M, ¥ X CBEORE,

@ HapMap project

GFLOETFSR(FOEL(3HE—EELE(SNP)]

100 BLAED SNP ICES T 2 BLEFRNRE - HEE

% SNP(¥ Y SNP) L ZDRBEHFHEENEE - 8K
TN EITKD, ¥/ L2ETIE 1,000 HEEREE
FTBDSNP DS, HTHEEDY T SNP ZANSHT
EIZED, FRTD SNP ZFANDDICIE T HEHH
BONDEEICHED. DT EF, MetSTEED com-
mon disease DEBJRZHEBLTFORAEICEEL,

SNP ZRWEY / LD A ROEREBHZESHRBRENIC

Ws.

SEEHEDRGRRES &, SROEDZSWE |

DEETICHDEDEEZISNTVD. REOBRENH
DUVBITIRE S HU/ZEBE HapMap project Tld, HAEA :
ZZL 260 AD DNA BV TILEDHEC, FNEN

NTL2*. SNP BDB#AEGRE/NTOS(T |
WEREREBLUTCEN\TOYA TZREK - {HAIIT |

T DR LD T EDHEEND. HapMap project |
DOERBIFLLLARICETEINDCEEBNE LTS |
0, Web(http://www.hapmap.org) C—RICRBEINT |
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Wb EVREE (0.52~0.80) & b 0 BIEE
THDIEBFRINTVEY, —HT, SHEFHIE
BLLTo#EE» o KB LBRYARTOKRE LR
F-43#7 (factor analysis) i & > THEHT L, MetS D8
BRATZFARIBEOBESBINTHE, Zh
SDERIZVTNRYD, MetS i3, P Ed 3~4
AL OB I L R 6725 2 LS
TENTVEY(R 1), £2,000 ZOHEAZNR
ELTEE ST RAFOHOBRTH, OA
v A vEFYE BB L BT, @MmEC
B L BT, ORBMEECHEELLET, @
PEEAMEY LEEICE#EL 2HF, Oft42D
HFick->T, MetSIcASNBEEHD 70% L E
WHHATEETH 7. DF D MetS I3H—DIRE
TiER{, 2hFhcEVREE267 3, 4k
& 3~4 AL LT L - REXNET S
DEEIZONS,

O BRI 5B BRETOEEMRST

HRFIHOERTIEA YR UH, HEPEE,
fB# & v ERORT L ARICHILENS (R
)2 e, 4 VR VEGELBRETEERED
FERIUFETH I EBTBINTVE, —4, &
AT o CciERERFSEEcli X n 55
BN E XD, MetS DEMICH > TIED R
WD R L A LEPPR L > MEDITIC
HHLEDEFRLHEINTLBY,

BRI R TRIBIICA 2 R Y V3 FiRE
BRI VHAANTIEA v R Y KT OB 5 H3iE
BWINDBLTHBH, FEESODRFITOMERIC
BOLTHLEROA v R VEfED MetS DFEH
WREFORBE2 LT IENPREINTHS, Th
bt, EHLEA VR VIMfEEAZ I EIEEN
THo>THA VA VIBFMEVSHEANCBT 5 A
BRAFEEOERICHFET LI LIEERVEVH D
ERbLNS.

& 23T, MetS OB E % B 2 B CHF o3
LR XN 57, MetS & N 5 BHRETFPE
BRlcEERERIREL, ZhrRiET5EHNT
A 43 ¥t (confirmatory factor analysis) % > 7 fi#
FRERLBEINTVEY, ZzRhICkBE, 400
FHELBRAT (4 v 2 Y VT, B BER
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£ 1 BAFRICEDA 2RIy 72 FO-LOWBEEFOMY -

Strong Heart  Honolulu Heart Japanese
Kaiser Permanente  Framingham Study of Program of American HA Af#z2
Women Twin Study  Offspring Study American Japanese Community 2
Indians American Diabetes Study
173 BMI* BMI** HE* ch RS H## AVRY**
idiliagis] W/H H INa—2R fABH HDL-C BMI
AVAY Y LAY 4RV LDL Rrf4%
Fha—-z** AR IEE#
AvARY) v HDL-C IfH:# Fha—2** A
AVR) Y Ina—2R Tna—A**
fnHE# Tha—R** L RYF# LAY~
ARV FHERERA MF* CRP R ARG #
th AR R *# HDL-C HDL-C
HDL-C BMI# thERRRG** MmF* BMI
il HDL-C

Y EEDEE S, *t c BREABERE T, 7 SERERT, *: IREARSBEEA T

0.83

N\

0.59

/

0.33

&

BB

IBERE

/| PRERE 1 X |

0.83
[ | BB Ry |
o [_zmwan ]
| amsenm |
/v| BMI |

0.77

"~ ozaies Tk ]

~0.60"" {

HDL-C

0.78
\ﬂ FUTYEY R

O

| wEmnE |

0.75

| mmmaE |

2 XKy FO-LBREAFORBE:S

b o $efifl 13 B TR OB & 73§ (R (RF M) 237 L, #xEH° 1

WOEVIE &, BYAsER -,

H, sFE)oR b, #hFht oz RYT
%% (A& HiE) 55 0.83, 0.80, 0.59, 033 L1z 5
)M -DRTOEERRE L -BEEGEE T

W(E ) BRI NS L),
Pt AFomoERE2E LS5 L, MetS 12
WIS L A EBOREZNET S, FELT
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£ 2 *4KUy 72 FO-LORGRIEF

BET Yetafk b oA E2E B4 5 KRBT
ADRB2(B2 7 FL + Y v 32%1k) 5q32-q34 G16R MS(3Bt)
ADRB3(83 7 FL + Y v 2%1k) 8p12-pll W64R Ob, IR
APMI(7 74 £ 27 F ) 3q27 1164T, SNP IR, Ob and MS
APOC3(7 HE K C3) 11¢23 455T-C TG, Ob and MS
APOC3/A4/A5(7 £ C3/A4/A5) 11¢23 SNP Ob, HT, IR, TG
AGT(P ¥ AF v ) —4) 1q42-q43 T174M HT and MS
CAPN10(# L2384 > 10) 2437 SNP-43 BS, TG(IEi# )
FABP2 (REIHPAME A TR 2) 4q28-q31 A54T TG and MS
GCCR(Z' L Y v ZEA) 3q26 SNP Ob and MS
GHSR(Z W2 a ¥ a4 F2EKE) 5¢31 RFLP N363S Ob, HT, IR
GNB3(G EHHEB3-Y 72=v }) 12p13 C825T HT and MS
IL6(fv¥—uaf%x6) 7p21 SNP(7u®—%—) IR, TG, Ob and MS
INPPL1(SHIP2) 11q23 SNP HT and MS
INS(A v R V) 11p15 RFLP TG and MS
LEP(L 74 ) 7¢31 SNP, VNTR Ob, HT
LMNA(Z 2~ A/C) 1q21 H566H TG, HDL and MS
LPL(J FEA Y A—+) 8p22 SNP IR, TG and MS
LTA(W > 74 ¥ a) 6p21 T60N BS and MS
NOS3 (N ERFF4E NO i) 7q36 7164G-T, D298D, etc.  HT and MS
PPARG (PPAR-y) 3p25 P12A TG, HT, IR and MS
PPARGC1A (PGC-1a) 5¢32 G482S HT, HDL-C and MS
PPARD (PPAR- 0) 6p21 +294T/C Ob, TG and MS
PTPN1(EHF v > VR Y ~ #{LEE# 1B) 20q13 SNP TG, HDL, Ob, BS & HT
UBL5(BEACON) 19p13 SNP BS, TG, Ob
UCP1 (4618 &M 1) 4g31 SNP Ob, IR
USF1{ LW #%ET 1) ' 1q22-q23 SNP TG and MS

SNP : Hi—3gE %% RFLP : HIREEUMEAESE, TG: @Y 7Y+ Y FMiE, HDL: € HDL 2L A 72—/l
i, MS: 2Dk A ¥ KU v 7o v Fu— A0FREY, BS : BHCHESE, HT: @ME, IR: 4 A VKb, Ob:

ilute

4 v A ViKY LB RS L L BRI
Fhod ERICHFEL URELE(GRRFOHE
B)ERBTLERELTOLFEZEL W, L
I REHIC T B,

& AFRY v VY RO— LORBEET
Reaven BA3K, MetS OANESE* L THDL
LT ‘4R vEyikoitE” dpEEEATY
29 EEIZ, A R VL T FOEERRED—5Y
FERBT BT AT, BHHEPLE LA
v A VIETE O FECIN X, MetS I RBUR 2 B
ARBEHLEMEEZET A EMBREINTL
39 F7, FEMAINIEA > A Y VIREERR
BEERH, MEOREIH T2 X F e
EHEE(T T4 RFA b AAV)EEELTE
b, RHMEEEO R DL A v R Y ViRbiESP
MetS DHEHREHE - BMiT 2HWFTHZ I LA
RENTWVWE, ZDLIH7% MetS DEELELD S
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2 IZMEE T I BT 2 85T 1, MetS OFRBRZ
HEBRET 2 BEMEETFTH 2. EHEL,
EROBMEET LOLERPLEI L MetS (B
T 5 REH L B TIA < HH BT (association
study) 3 fTbt, EEORBER L OMICERE XM
B2BAR N ZBIEFVEBBEINTV B (R
2). s DiHh T, PPAR-y (peroxisome prolif-
erator-activated receptor-y ) B ¥ Prol2Ala %
BIZEIF 3 Pro 7 Y Lid 2 BIEERFS O FAE Y R
7% 5% BEIMYT 2L 3h, TNIBHAALE
WTHHRIN TV LMD F7, 7T KRR
F VBIEF D Nel64Thr ZRHVBHAAIIE W TE
754 R F v MdE & BERRASICBIE L, Mets 8
JUOBEIREE L bBE T 2 2 Bt Ty
9
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