142 Maruyarma et al.
Table 13. Mutations in ATP-binding cassetie transporter-1 gene in Japanese patients.
Disorder Mutation Nucleotide Change Effect on Coding Author References
Sequence

FHD AZ55T G—+Aat 1158 Ala—Thr al 255 Nishida Y Biochem Biophys Res Commun
290; 713-721, 2002

TD N335H A—+C a1l 3198 Asn—His at 935 Guo Z J Hum Genet 47; 325-329, 2002

D N93538 A—G at 3199 Asn=Ser al 835 Guo Z J Hum Genet 47: 325-329, 2002

FHD a787deldbp  deletion of CGCC from 3787  premature slepal 1224 Huang W Bicchim Biophys Acta 1537: 71-78,
2001

0 D1229N G-+A at 3805 Asp—Asn at 1229 Huang W Biochim Biophys Acta 1537: 71-78,
2001

FHD N1611D A—G at 5226 Asn-+Asp at 1611 Nishida Y Biochem Biophys Res Commun
290: 713-721, 2002

T0 R1680W Arg—Trp al 1680 Ishii J J Hum Geret 47; 366-363, 2002

FHD R1851X C—T at 5946 Arg—Slop at 1851 Nishida Y Biochem Biophys Res Commun
290: 713-721, 2002

0 R2021W C—~Tate181 Arg—Trp at 2021 Huang W Biochim Biophys Acta 1537: 71-78,

. 2001
D In12-In14 del deletion of 1221 bp deletion of exons 13,14 Guo 2 J Hum Genet 47: 325-329, 2002
D In16-In31 del detelion of 19.9 kb deletion of exons 17-31 . Guo Z J Hum Genet 47: 325-329, 2002

All mutations have been reported atier the closing of regisiration to the Research Commitiee.
FHD: familial high-density lipoprotein deficiency, TD: Tangier disease.

Table 14, Mutations in Japanese patients with sterol strage disorders.

. Disorder Gene Mutation Nucleolide Eﬁ“' on Coding Author References
Change Sequence
CTX Cyp27 R104W! C—+Tatcodon 104  Arg—Trp al 104 Nakashima N J Lipid Res 35: 6636568, 1994
CTX Cyp27 E162X G=Tatcodon 162  Glu—Stop at 162 WakamalsuN  J Neurol Neurosurg Psychiatry 67:
185-198, 1999
CTX Cyp27 R862H CG—Aatcodon 362  Arg—~His at 362 Chen'W Biochim Biophys Acla 1317:
119-126, 1996
CTX Cyp27 P368R G—Calcodon 368 Pro—Arg &1 368 Okuyama E J Lipid Res 37: 631-639, 1996
CTX Cyp27 R372Q G—Aal codon 372 Arg—Gin at 372 Chen'W J Lipid Res 38: 870-879, 1987
CTX Cype?7 intron7+1G—=A G—Aatinlren 741 &' splice signal ShigaK J Neurol Neurosurg Psy chialry 67:
675-677, 1909
CTX Cyp27  R4a1w C=Talcodon 441  Arg—+Trp al codon 441 KimKS J Lipid Res 35: 1031-1039, 1994
CTX Cyp27 R441Q G—Azlcodon 441 Arg—+Gin at codon 441 KimKS J Lipid Res 35; 1031-1039, 1994
Sitosterolemnia ABCGS5 R419H G—+A2at 13086 Arg—His 2l 419 Lee MH Nal Genet 27: 79-83, 2001
Silosterolernia ABCGS  exon 3 del deletion of exon 3 LuK Am J Hurn Genel G9: 278-290,
200
Sitosterolemia ABCGS5 R408X C—T al 1362 Arg—Stop at 408 LuK Am J Hum Genet 69: 27 8-280,
2001
Siloslerolemia  ABCG5  R389H G—Aat 1306 Arg~His al 389 LuK Arm J Hum Genel §9:27 8-290,
. 2001
Sitoslerclernia  ABCGS  R5508 A=+C al 1781 Arg—+Ser al 550 LuK Am J Hum Genet £9:278-280,
2001

ABCGS: ATP-binding cassette ransporter sublamily G member 5, CTX: cerebrolendinous xanthomalesis, CYPZ27: sterol 27 -hydroxylase,
* Mutation resistered to the Research Commillee
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So-called “common mutations” have been described
in Japanese patients with FH, CETP deficiency and LPL
deficiency. It has beenreported that in patients with CETP
deficiency (activity) < 75% of contrel), 65.7% had one of
the 2 common mutations (1,451 + 1G > A and D442G) or
both, and that in patients with marked HALP (HDL-cho-
lesterol > 100 mo/dl), 57.5% had at least one of these
commen mutations (25), suggesting that genelic diag-
nosis could be feasible in CETP deficiency. On the other
hand, prevalence of common mutations in the LDLR gene
is relatively low (3, 4}, indicating that genetic diagnosis
of patients with FH may not be feasible.

FCHL is speculated to be the most prevalent disorder
in genetic hyperlipidemia, however, the molecular mecha-
nism has not been clarified. Similarly, the cause of FH-
like syndrome, characterized by hypercholesterolemia,
premature atherosclerosis and tendon xanthoma with-
out reduction in LDLR activity, is also unknown. Further
investigation should be performed to elucidate the me-
lecular mechanisms of such disorders,

Acknowledgments: The authors thank the members of
the council board of the Japan Atherosclerosis Society
for replying to the questionnaire. This study was sup-
ported by a Grant-in-Aid for the Research Committee on
Primary Hyperlipidemia of the Ministry of Health and
Welfare of Japan, and Research on Human Genome, Tis-
sue Engineering Food Bictechnology.

References

(1) Goldstein JL, Hobbs HH, and Brown MS: Familia!
hypercholesterolemiza. In: The metabolic and mo-
lecular bases of inherited disezse. 8th Ed, ed by
Scriver CR, Beaudet Al, Sly WS, and Valle D, pp
2863-2913, McGraw-Hill, New York, 2001

{2) Ishibashi S: Clinical characteristics and mutaticnal
analysis in Japanese patients with primary hyper-
lipidemia. In: Annual report of Research Commit-
tee on Primary Hyperlipidemia (Ministry of Health
and Welfare of Japan}, pp 47-51, 1998 (in Japa-
nese)

{3) Maruyarna T, Miyake Y, Tajima S, Harada-shiba M,
Yamamura T, Tsushima M, Kishine B, Horiguchi Y,
Funahashi T, Matsuzawa Y, and Yamamoto A: Com-
mon mutations in the low-density-lipoprotein-recep-
tor gene causing familial hypercholesterolemia in
the Japanese population. Arterioscler Thromb Vasc
Bio, 15:1713-1718, 1995

{4} YuW, Nohara A, Higashikata T, Lu H, Inazu A, and
Mabuchi H; Malecular genetic analysis of familial
hypercholesterolemia: spectrum and regicnal dif-
ference of LDL receptor gene mutations in Japa-
nese population, Atherosclerosis, 165: 335-342,
2002

(5) Funahashi T, Yamashila S, Maruyama T, Ueyama
Y, Menju M, Nagai Y, Takemura K, Miyake Y, Taiima
S and Matsuzawa Y: A compound heterozygote for
familial hypercholesterolemia with a homozygous
mother. J Intern Med, 239: 187-190, 1996

{6) Soutar AK, Knight BL, and Patel DD: |dentification
of a point mutation in growth factor repeat C of the
low density lipoprotein-receptor gene in a patient
with homozygeus familial hypercholesterolemia that
affects ligand binding and intracellular movement
of receptors. Proc Nat] Acad SciU $ A, 86: 4166~
4170, 1982

{7) Kane JP and Havel RJ: Disorders of ihe biogenesis
and secretion of lipoproteins centaining the B
apolipoproteins. In: The metabolic and molecular
bases of inherited disease. 8th Ed, ed by Scriver
CR, Beaudet AL, Sly WS, and Valle D, pp 2717-
2752, McGraw-Hill, New York, 2001

{8) SorialF, Ludwig EH, Clarke HRG, Vega GL, Grundy
SM, and McCarthy BJ; Association between a spe-
cific apolipoprotein B mutation and familial defec-
tive apolipoprotein B-100. Proc Natl Acad Sci U 8
A 86: 587-591, 1989

{9) Gaffney D, Reid JM, Cameron IM, Vass K, Caslzake
MJ, Shepherd J and Packard CJ: Independent mu-
tations at codon 3500 of the apolipoprotein B gene
are associaled with hyperlipidemia. Arterioscler
Thromb Vase Biol, 15: 1025-1022, 1995

{10) Pullinger CR, Hennessy LK, Chatterton JE, Liu W,
Love JA, Mendel CM, Frost PH, Malloy MJ,
Schumaker VN end Kane JP: Familial ligand-defec-
tive apelipoprotein B: identification of a new muta-
tion that decreases LDL recepior binding affinity. J
Clin Invest, 95: 1225-1234, 1885

(11} Nohara A, Yagi K, Inazu A, Kajinami K, Koizumi J,
and Mabuchi H: Absence of familial defeclive
apolipoprotein B-100 in Japanese patients with {a-
milial hypercholesterclemia. Lancet, 345: 1438,
1995

(12) Harada-Shiba M, Takagi A, Miyamote Y, Tsushima
M, lkeda VY, Yokoyama 8, and Yamamoto A: Clini-
cal features and genetic analysis of autosomal re-
cessive hypercholesterolemia. J Clin Endocrinol
Metab, 88: 2541-2547, 2003

(13) Tarui S: Annual report of research commitiee on
primary hyperlipidemia (Ministry of Health and Wel-
fare of Japan), 1888, pp 11-37 {in Japanese)

{14) Ohashi K, Ishibashi 8, Yamameto M, Osuga J,
Yazaki Y, Yukawa §, and Yamada N: A truncated
species of apolipoprotein B (B-38.7) in a patient with
homozygous hypebetalipoproteinemia associated
with diabetes mellitus; Arterioscler Thromb Vasc
Biol, 18; 133-1334, 1998

{15} OhashiK, Ishibashi S, Osuga J, Tozawa R, Harada
K, Yahagi N, Shicnoli F, lizuka ¥, Tamura Y, Nagai



144

(17

(18)

{19)

{20)

(21)

{22)

(23)

{24)

(25)

R, lllingworth DR, Gotoda T, and Yamada N: Novel
mutations in the microsomal triglyceride transfer
protein gene causing abetalipoproteinemia. J Lipid
Res, 41: 1199-1204, 2000

Brunzell JD and Deeb S5: Familial lipoprotein lipase
deficiency, apo C-I} deficiency, and hepatic lipase
deficiency. In: The metabolic and molecular bases
of inherited disease. Bth Ed, ed by Scriver CR,
Beaudet AL, Sly WS, and Valle D, pp 2789-2818,
McGraw-Hill, New York, 2001

KobayashiJ, Nishida T, Ameis D, Stahnke G, Schotz
MC, Hashimoto H, Fukamachi |, Shirai K, Saito Y,
and Yoshida S: A heterozygous mutation {the codon
for Serd47 — a stop codon) in lipoprotein lipase
contributes to a defect in lipid interface recognition
in a case with type | hyperlipidemia. Biochem
Biophys Res Commun, 182: 70~77, 1992

Takagi A, lkeda Y, Tsutsumi Z, Shoji T, and
Yamamoto A: Molecular studies on primary lipo-
prolein lipase (LPL) deficiency: one base deletion
{G916) in exon 5 of LPL gene causes no detectable
LPL protein due to the absence of LPL mRNA tran-
script. J Clin Invest, 82: 581-591, 1992

lkeda Y, Ashida Y, Takagi A, Fukucka T, Tsuru A,
Tsushima M, and Yamamoto A: Mechanism of the
production of small dense LDL (sLDL) in
hypertriglyceridemia. In: Atherosclerosis XI, ed by
Jacotot B, Mathe D, and Fruchart JC, pp 777-788,
Elsevier Science, Singapore, 1998

Mahley RW and Rall SC: Type Il hyperlipo-
proteinemia (dysbetalipoproteinemia). In: The Meta-
bolic and Molecular Bases of Inherited Disease. 8th
Ed, ed by Scriver CR, Beaudet AL, Sly WS, and Valle
D, pp 2835-2862 McGraw-Hill, New York, 2001
Tajima S, Yamamura T, and Yamamoto A: Analysis
of apolipoprotein E5 gene from a patient with
hyperfipoproteinemia. J Biochem {Tokyo), 104: 48~
52,1988

Tajima S, Yamamura T, Menju M, and Yamamoto
A: Analysis of apclipoprotein E7 (apolipoprotein E-
Suita) gene from a palient with hyperlipo-
proteinemia. J Biochem (Tokya), 105: 249-253,
1989

Oikawa S, Matsunaga A, Saito Y, Sato H, Seki T,
Hoshi K, Hayasaka K, Kotake H, Midorikawa H,
Sekikawa A, Hara S, Abe K, Toyota T, Jingami H,
Nakamura H, and Sasaki J: Apolipopretein £ Sendai
{arginine 145 proline): a new variant associated with
lipoprotein glomerulopathy. J Am Soc Nephrol, 8:
820-823, 1997

Sailo T, Ishigzaki ¥, Oikawa S, and Yamamolc T;
Etiological significance of apolipoprotein E muta-
tions in lipoprotein glomerclopathy. Trends
Cardicvase Med, 12: 67-70, 2002

Maruyama T, Sakai N, Ishigami M, Hirano K, Arai T,

{26)

(27)

(28)

{29)

{30)

{31)

(33)

(34)

Maruyama et al.

Qkada S, OkudaE, Ohya A, Nakajima N, Kadowaki
K, Fushimi E, Yamashita 8, and Maisuzawa Y:
Prevalence and phenotypic spectrum of cholesteryl
ester transler protein gene mutations in Japanese
hyperalphalipoproteinemia. Atherosclerosis, 166:
177-185, 2003

Tall AR, Breslow JL, and Rubin EM: Genetic disor-
ders aifecting plasma high-density lipoproteins, In:
The Metabolic and Molecutar Bases of Inherited
Disease, 8th Ed, ed by Scriver CR, Beaudet AL, Sly
WS, and Valle D, pp 2915-2236, McGraw-Hill, New
York, 2001 '

Brown ML, Inazu A, Hesler CBE, Agellon LB, Mann
C, Whitlock ME, Marcel YL, Milne RW, Koizumi J,
Mabuchi H, Tzkeda R, and Tall AR: Molecular basis
of lipid transfer protein deficiency in a family with
increased high-density lipclroteins. Nature, 342:
448-451, 1989

Takahashi K, Jiang XC, Sakai N, Yamashila S,
Hirano K, Bujo H, Yamazaki H, Kusunoki J, Miura
T, Kussie P, Matsuzawa Y, Sailo Y, and Taill A: A
missense mutation in the cholesteryl ester transfer
protein gene with possible dominant effects on
plasma high density lipoproteins, J Clin Invest, 92;
2060-2064, 1993

Santamarina-Fojo S, Hoeg JM, and Assmann G:
Lecithin;cholesterol acyltransferase deficiency and
fish eye disease. In: The Metabolic and Molecular
Bases of Inherited Disease, 8th Ed, ed by Scriver
CR, Beaudet AL, Sly WS, and Valle D, pp 2817~
2833, McGraw-Hill, New York, 2081

Maeda E, Naka ¥, Matozaki T, Sakuma M, Akanuma
Y, Yoshino G, and Kasuga M: Lecithin-cholesterol
acyltransferase (LCAT) deficiency with a missense
mutation in exon 6 of the LCAT gene. Biochem
Bicphys Res Commun, 178; 460-466, 1991

Deeb S5, Takata K, Peng R, Kajiyama G, and Albers
JJ; A splice-junction mutation respensible for fa-
milial apelipoprolein A-ll deficiency. Am J Hum
Genet, 46: 822-827, 1990 .
Assmann G, von Eckardstein A, and Brewer HB Jr:
Famifial analphalipoproteinemia: Tangier disease. In:
The Metabgelic and Molecular Bases of Inherited
Disease. 8th Ed, ed by Scriver CR, Beaudet AL, Sly
WS, and Valle D, pp 2937-2960, McGraw-Hill, New
York, 2001

Bjerkhem |, Boberg KM, and Leitersdorf E: Inborn
errors in bile acid biosynthesis and storage of ste-
rols other than chelesterol. In: The Metabolic and
Molecular Bases of Inherited Disease. 8th Ed, ed
by Scriver CR, Beaudel AL, Sly WS, and Valle D,
PP 2961-2988, McGraw-Hill, New York, 2001

Lee MH, Lu K, Hazard S, Yu H, Shulenin S, Hidaka
H, Kojima H, Allikmets R, Sakuma N, Pegoraro R,
Srivasiava AK, Salen G, Dean M, and Patel SB: Iden-



Mutations for Hyperlipidemia in Japan 145

tification of a gene, ABCGS5, important in the regu- Welfare of Japan), pp 43-50, 1996 {in Japanese)
lation of dietary cholesterol absorption. Nat Genet, (36) Bujo H: Clinical characteristics and mutational
27: 79-83, 2001 analysis in Japanese patients with primary hyper-
(35} Yamashita 8: Clinical characteristics and mutational lipidemia. In: Annuzl report of research committee
analysis in Japanese patients with primary hyper- on primary hyperlipidemia (Ministry of Health and
lipidemia. In: Annual report of research committee Welfare of Japan), pp 50-58 1987 {in Japanese)

on primary hyperlipidemnia (Ministry of Health and



146

Journal of Atherosclerosis and Thrombosis

Vel. 11, Ne. 3

Original Articles

Clinical Features of Familial Hypercholesterolemia in Japan in a Database
from 1996-1998 by the Research Committee of the Ministry of Health,
Labour and Welfare of Japan

Hideaki Bujo?, Kazuo Takahashi?, Yasushi Saito?, Takao Maruyama?, Shizuya Yamashita?,
Yuji Matsuzawa*, Shun Ishibashis, Futoshi Shionoiri¢, Nobuhiro Yamada?, and Toru Kita® on

behalf of the Research Committee on Primary Hyperlipidemia of the Ministry of Health,
Labour and Welfare of Japan

! Department of Genome Research & Clinical Application,
* Depariment of Clinical Cell Biology, Chiba University Graduate Schoo! of Medicine, Chiba, Japan,
? Department of Internal Medicine and Molecular Science, Graduate School of Medicine, Osaka University, Osaka,

Japan.

¢ Sumitomo Hospital, Osaka, Japan.

* Department of Metabolic Diseases, Jichi Medical School of Medicine, Diabetes Center, Tochigl, Japan,

¥ Yokosuka Hokubu Kyosai Hospital, Kanagaws, Jzpan.

! Division of Endocrinology and Metabolism, Department of Internal Medicine, Institute of Clinical Medicine,
University of Tsukuba, lbarali, Japan.

? Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan.

Familial hypercholesterolemia {FH) is one of the most common primary hyperlipidemias,
characterized by a heterozygous or homozygous phenotype for a severe serum low-
density lipoprotein {LDL}-cholesterol level and advanced atherosclerosis, leading to
coronary artery diseases (CAD). Various kinds of mutations in the LDL receptor gene
responsible for the genetic disease have been identified since the human LDL recep-
tor gene has been identified. In this study, the clinical features of FH were investi-
gated using a database based on nationwide surveillance for primary hyperlipidemia
and related disorders by the Research Committee on Primary Hyperlipidemia. The
clinical features and the frequencies of accompanying vascular diseases in 660 cases
of FH homozygotes and heterozygoles showed that the incidence of CAD was nega-
tively associated with plasma HDL-cholesterol tevels, but not with plasma LDL-cho-
lesterol levels, in 641 FH heterozygotes. Risk factor analyses revealed that hyperten-
sion, male, smoking, low HDL-cholestercl Jevels, age > 50 y, diabetes mellitus, and
hypertriglyceridemia were positive risk factors for CAD. The summarized gene ahaly-
sis in FH heterozygotes showed at least 4 mutations in the LDL receptor gene as
common mulations in Japan. The average serum lipids and frequency of CAD based
on each common mutation suggested that their clinical features are in part deter-
mined by responsive mutations in the LDL receptor gene. J Atheroscler Thromb, 2004;
11: 146-151. :

Key words; Database, LDL receptor, Mutation, Heterozygote

Address for conrespondence: Hideaki Bujo; Department of Ge-
nome Research and Clinical Application {MG), Chita University
Graduate School of Medicine, 1-8-1 !nohana, Chuo-ku, Chiba
260-8670, Japan.

E-mail: hbujo@facully.chiba-u.jp

Received March @, 2004.

Accepled for publication Marchi 11, 2004,

Introduction

Various gene abnormalities causing primary hyperlipi-
demia have been identified in our country. Surveillance
for the current gene analysis has been started by the
Research Committee on Primary Hypetlipidemia (Chair-
person: Professor Toru Kita, Kyolo University), arganized
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by the Ministry of Health, Labour and Welfare in 1986 (1).
Familial hypercholesterclemia (FH) is one of most fre-
quent primary hyperlipidemias. The underlying gene zb-
normalities have been identified on the low-density lipo-
profein (LDL} receptor gene locus. A previous investiga-
tion based on the dalabase created by the Research
Committee on Primary Hyperlipidemia reporied that ap-
proximately 80 mutations have been identitied in various
regions in the LDL receptor gene in Japan, and some of
them may be more prevalent than others, comprising the
so-called "commaon mutations® (2-4). Furthermore, the
possibility of different responses of mutations against
cholesterol-lowering therapy was sutggested in FH {(5). In
this study, the clinical features of FH in Japan were in-
vestigated using the above database for mutations in
Japanese patients with primary hyperlipidemia and re-
lated disorders, Additionally, the clinical phenotypes in
FH with the common mutations were studied using three
databases based on different areas in Japan.

Methods

The database for mulations in Japanese palients with
primary hyperlipidemia and related disorders by the Re-
search Committee on Primary Hyperlipidemia organized
by the Ministry of Health, Labour and Welfare was used
for the analysis in this study (2-4). The analyses of phe-
notypes for the common mutations were performed
based on the databases provided by Drs. Maruyama and
Yamashita (Osaka University), Drs, Kajinami and Mabuchi
" (Kanazawa University) and Drs. Bujo and Saito {Chiba
University). The results are shown as mean + SD for each
index. Comparison of data was performed using the
Student’s f-test and/or ANOVA, and a value of p< 0.05
was considered significant. Logistic analyses were per-
farmed to obtain odds ratios for coronary artery disease
{CAD).

Results

Clinical profile of familial hypercholesterclemia in
Japan .

The clinical features of 660 registered cases of FH (19
cases of homozygotes including two compound het-
erozygotes, and 641 cases of heterozygoles) were ana-
lyzed (Table 1). Both in hemozygotes and heterozygotes,
more women were registered than men (63% and 54%,
respectively). The average age of cases for homozygotes
and heterozygotes was 26 y (4-49 y) and 51 y (1-85 y),
tespectively. The average serum total cholesterol (TG)
and LDL-cholesterol (LDL-C) of homozygous FH was 686
mg/dl and 582 mg/dl, respectively. The average serum
TC and LDL-C of heterozygous FH was 324 mg/dl and
248 my/dl, respectively. The proportion of type llb hy-
perlipidemia in the WHO classification, which indicales

hypertriglyceridemia as well 2s hypercholesterolemia,
was 22% for homozygotes and 23% for helerozygoles,
The serum high dersity lipoprotein-cholestero! (HDL-C)
level was 35 mg/dl in homezygotes.

The occurrence of arcus cornea was 85% in homaozy-
goles and 38% in heterozygoles. Tendon xanthoma was
cbserved all in homozygotes and in 82% of heterczy-
goles. The occurrences of skin xanthoma were not as
frequent as those of tendon xanthoma: 13% in homozy-
gotes and 8% in heterozygotes. The occurrences of xan-
thelasma were 31% in homozygotes and 8% in heterozy-
gotes. There was a history of CAD in 73% of homozy-
gotes and 24% of heterozygotes. Other atherosclerotic
diseases, cerebrovascular diseases (CVD) and arterio-
sclerosis obliterans {ASC), were not cbserved in homeozy-
gotes, and observed at 3% and 2% in heterozygotes,
respectively,

Serum lipids and CAD in heterozygous FH

In heterozygous FH, the clinical profiles of the 296 male
cases were compared with those of the 345 female cases
{Table 2). The average age of the male and female cases
was 49y and 54y, respectively, The average body mass
index {BMI} of the male and female cases was 23.5 kg/
m? and 22.6 kg/m?, respectively. The average serum cho-
lesterol levels of heterozygous FH were not significantly
different between the males and females. The TG and

Table 1. Clinical features of FH in Japan,

Homozygotes Helerozygoles
n 19 (2:comp.hetero) 641
Sex {M/F) 712 296/345
Age ly) 26 +14(19) 51 2 15 {548)
BMI (kg/m?) 172 +3.3(8) 230 z 3.3 (568)
TC {mg/dl) 686 = 250 (19) 324 + 71 (568)
LDL-C {mg/dI) 582 + 132 (15) 248 + 67 (512)
TG {(mg/dl) 1567 =+ 117 (17) 132 = 85 {551)
HDL-C {mg/dl} 35 + 21 {16} 47 = 14 (517}
ladilb 14/4 430130
Arcus cornea (%) 85% (13) 38% (498)
Kanthoma (%) 100% (16} 87% (556)
Xanthelasma (94} 31% (16) 9% (556)
Skin (%) ' 13% {16) 8% (556)
Tendon (%) 100% (16} 82% (556)
CAD (%) 73% (19) 24% (538)
CVA (%) 0% (3) 3% (477}
ASO (%) 0% (3) 2% (475)

Mean + 8D, Numbers in parentheses show the cases for
analysis,
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HOL-C levels were significantly higher in the males than
in the females; the proportion of type lib hypetlipidemia
was higher in the males than in the females. There were
no significant differences between the males and females
in the occurrence of arcus cornea, skin xanthoma, or ten-
don xanthoma.

Figure 1 shows the relationships between serum lipids
and occurrence of CAD in heterozygous FH. There was
no obvious relationship between TC, LDL-C or triglycer-
ide (TG), and CAD occurrence. However, the occurrence
was most frequent in cases with LDL-C of more than
320 mg/dl or TG of more than 250 mg/dl. Notably, there
was a clear negative tendency in the relationship between
CAD occurrence and HDL-C; an increased HDL-C level

Table 2. Clinical features of FH hetérozygotes in Japan.

Males Femnales
n 296 345
Age {y) 49 +13 (244) 54+ 16 (304)
BMI {kg/m?) 23.5 + 3.3 (260) 22.6 £ 3.2 (3086)
TC {mg/dl) 324 =70 {261) 325 272 {307)
LDL-C (mg/dl) 249 x 132 (261) 248 2 69 {279)
TG img/d)) 153 + 99 (2586) 114 2 65 (205)**
HDL-C (mg/dl) 42 x 12 (237) 50 215 (280)**
la/llb 179/81 230/49+
Arcus cornea (%) 4039 (229) 36% (269)
Xanthoma (%) 88% (254} 889% (302)
Xanthelasma (%) 6% {254} 10% (302)
Skin (%) 11% (254} 10% {302
Tendon (%) 82% (254) 83% (302)

Mean + SD, Numbers in parentheseis show the cases for
analysis. ‘
**:. p < 0.001, *: p < 0.0001, vs male

AN
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Fig. 1. Serum lipids and occurrence of CAD in FH homozy-
goles and heterczygotes.
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was associaled with a decreased CAD occurrence, and
the cccurrence at an HRL-C level of more than 60 mg/dl
was reduced to about one-fifth of that at less than 35
mg/dl.

Males with FH showed a significantly higher oceurrence
of CAD than females (Fig. 2). There was no significant
difference in CVD occurrence. Males with FH showed a
higher tendency of occurrence of ASO than females, al-
though nol signiticant by. Further analysis of the heterczy-
gotes was performed separately for type lla and Ilb hy-
perlipidemia, in order to determine the significance of
accompanying hypertriglyceridemia for the occurrence
of CAD (Fig. 3). There was no significant difference in
CAD occurrence belween the two types in the males. In
the females, the cases with type llb showed an obviously
increased CAD occurrence compared to the cases with

e N )

¥ F PR Boo£

] wadid wind SHI meas
oA ok

Fig. 2. Occurrence of vascular complications in FH heterozy-
gotes,
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Fig. 3. Occurrence of CAD in the presence or absence of TG »
150 mg/dl in FH heterozygotes.



Familiai Hypercholesterolemia in Japan 149

type Ila. Next, the signilicance of hypoalpha-
lipeproteinemia (HDL-C of less than 40 mg/dl) was ana-
lyzed {Fig. 4). The cases with hypoalphalipoproteinemia
showed increased CAD occurrence in males, Together
with the results in Figure 1, serum HDL-C level seemns to
be rather well or related with CAD occurrence in FH het-
erozygotes.

Logistic regression analyses for CAD revealed that male,
age > 50 y, smoking, hypertension, diabeles mellitus,
TG > 150 mg/dl and HDL < 40 mg/d| were associated
with an increased risk of CAD (Fig. 5). The cumulative
incidence of CAD is shown in Fig. 6. Males with FH de-
veloped CAD 10-20 years earlier than females with FH.,
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Fig. 4. Occurrence of CAD in the presence or ebsence of HDL-
C < 40mg/dl in FH heterozygeles.

Fig. 5. Association between occurrence of CAD and conven-
tional coronary risk factors in FH helerozygotes.

Phenotype of heterozygous cases with the
“¢ommon mutations” in the LDL receptor gene

Common mutations in the LDL receptor gene have been
suggested to exist in FH heterozygotes in Japan {6-8).
The common mutations consist of four mutations: K790X
in exon 17, C317S in excn 7 (FH Wakayama), P684L in
exon 14 (FH Kanazawa-2) and 1845 + 2 T to C {FH
Niigata). Previous studies have suggested that the 1otal
number of cases with the four mutations accounts for
about 30% of heterczygous FH in Japan (6, 7). In order
1o determine the frequencies and clinical features of cases
with the common mutations in various areas in Japan,
the four mutaticns were intensively analyzed in the cases
with FH in the Chiba area, and the frequencies and phe-
notypes were analyzed in comparison with previous data
from other areas. The cccurrences of the four mutations
in the 154 cases of heterozygous FH in Chiba were ob-
served as 5.8%, 4.5%, 5.2% and 1.9% for 18477C,
K790X, P664L and C3178S, respectively (Table 3). The
frequencies in Chiba were about one-half and one-third
to-fourth for 1847TC and C3178, respectively, compared
to those in the Osaka area. The frequencies of K790X
and PE64L were almost the same between both areas,
The frequencies of PEB4L in both areas were also similar
to that in the Kanazawa area, The frequency of cases
with the four mutations was up to 17.5% of all FH cases
anzalyzed in the Chiba area.

The clinical features of FH with the common mutations
were analyzed next. The serum ievels of both TC and
LDL-C in the cases with the common mutations were
increased compared to the average levels of the 641
cases with heterozygous FH (Table 4). The summarized
dala of the Chiba and Osaka areas (provided by Drs.
Maruyama and Yamashita) showed that cases with any

Mg £

Fig. 6. Cumulative incidence of CAD in FH heterozygotes.
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of the commoen mutations showed increased average TC
and LDL-C levels compared to those in the data of het-
erozygous FH (Table 5). The frequencies of CAD occur-
rence were 52%, 54%, 36% and 54% for 1847TC, K720X,
P&64L and C3178, respectively. These occurrences in
the cases with the common mulations were increased
compared to those in the data of heterozygous FH, al-
though the average age was younger in the cases with
the common mutations. However, the average levels of
TC and LOL-C of the cases with P664L (FH Kanazawa 2)
in the Kanazawa area {provided by Drs. Kajinamni and
Mabuchi} were cbviously decreased compared to the

summarized levels (Table 6).

Discussion

The clinical features of FH in Japan were investigated
using a database mutaticns in Japanese patients with

Table 3. Frequencies of common muialions in 3 areas in

Bujo et al.

primary hyperlipidemia and related disorders. Addition-
ally, clinical phenctypes in FH with the commeon muta-
tions were studied using three dzlabases hased on dif-
ferent areas in Japan. The clinical fealures and the fre-
quencies of accompanying vascular diseases in 660 FH
homozygotes and heterozygotes suggested that the oc-
currence of CAD has increased in males, and has not
changed much in females, compared to that in the data-
base from 1988, respeclively (8), However, it is impos-
sible 1o compare the occurrence exactly as the criteria
for the definiticn of FH is not the same between the pre-
vious and current studies, There was no clear relation-

ship between -CAD occurrence and TC leve! in the an-
nual report of the research group for primary hyperlipi-

demia in 19886, which is not clearly different from the re-
sulls of this study, However, the annual report in 1986
showed arelationship belween TG and CAD, which was
not obviously observed in this study. The relatienship

Table 5. Clinical fealures of FH heterozygotes with common

Japan. mutalicns in 3 areas (National Cardiovascular Center,
Mutation Chiba Osaka Kanazawa Osaka University, Chiba University).
(n=154) {n=120) {n =201} Mutation K720X PB4l 1847TC C3178
1B477C 5.8% (9) 13.3% (if) n 13 29 13
K790X 45% (7} 6.7% (8) Age (y) 44+14 43318 44 214 41 %14
PE64L (Kanazawa 2) 5.2% (8)  3.3% (49  3.0% (6) Sex (M/F) &/7 4z 12117 716
C3178 1.9% (3} 6.7% (8) BMI {kg/m?) 232 1.7 227424 211 29 222122
Tonami 1 50% (10) TC (mg/d) 414 £90 377263 355 +74 381 167
Tonami 2 £.5% (11) LDL-C(mg/dl) 34699 300264 282 +74 320263
Total 17.5% (27) 30.0% {36) 13.4% (27) TG {mo/di) 149 +68 13155 140 =78 134255
HDL-C (mg/dl} 40 212 51+12 45 214 347
CAD (%) 54 36 52 54
Table 4. Clinical features of FH heterozygotes with commen Mean * 8D.

mutatiens in the Chiba area.

Mutation K790X P664L 1847TC C3178

n 7 8 9 3

Age {y) 5012 50217 5045 33220 Table 6. Clinical features ef FH heterozygotes with common
Sex (M/F) 572 26 4/5 21 mutations in the Kanazawa area,

BMI (kg/m?) 23227 22827 213141 208186 Mutation Kanazawa 2 Tonamil Tonami?2
TC (mg/al} 406 =25 398173 384 35 349170 n 15 22 34
LDL-Cimg/d) 335240 323 +77 329 £43 29265 Age ) 40 £ 16 48 +19 52+ 21
TG (mg/dl) 164 £86 146154 118 £57 133239 7C {mg/di) 309 + 45 338+42 31069
HDL-G fng/dl} 38211 48233 44214 3124 LDL-C {mg/dl) 251443 272243 222+ 61
ATT (max, mm) 14 8 11235 19 27 841 TG (mg/d) 126 + 51 87+ 0 158 £ 126
Xanthoma{%) 20 17 25 0 HDL-C {mg/d|) 35114 46212 40211
CAD (%) 40 3 50 33

Mean = SD, Xanthoma does not include Achilles 1endon thick-

ness.

Mean £ SD.
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observed between HDL-C and CAD was almost the same
in both reports. The importance of accompanying
hypertriglyceridemia in temales and hypoalpha-
lipopreteinemia in males for an increased occurrence of
CAD was clarified in FH. Risk factor analyses revealed
that hypertension, male, smoking, low HDL-cholesterol
levels ([ < 40 mg/dl), age > 50 vy, diabetes meliitus, and
hypertriglyceridemia (> 150 mg/dl} were positive risk fac-
tors for coronary heart disease, The cumulative incidence
of CAD showed that males with FH developed CAD 10~
20 years earlier than females with FH.

A summarized gene analysis for hyperlipidemia showed
at least four mutations in the LDL receptor gene as com-
mon mutaticns in Japan {6,7). The increased average
serum lipids and frequencies of CAD suggested the dif-
fering phenotypic severity among FH cases based on
various mutations. Further analysis of the clinical features
of cases with the common mutations should be per-
formed to determine the clinical severity in these cases.
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in-Aid for the Research on Measures for Intractable Dis-
eases {the Research Commitlee on Primary Hyperlipi-
demiz) and Research on Human Genome, Tissue Engi-
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Abstract
We studied the association of six common gene polymorphtsms of four genes related to lipid
metabolism with serum lipid levels. We selected single-nucleotide polymorphisms (SNPs) in the
cholesteryl ester transfer protein (CETFP), lipoprotein lipase (LPL). hepatic triglyceride lipase
(LIPC), and apolipoprotein CIII (42QC3), and studied 2267 individuals in the general Japanese
populations. There was a significant interaction in CLTP polymorphism (D442G, Intl4 +1 G_A,
and TaqlB), LPL polymorphism (5447X), and LIPC polymorphism (-514_CT) with HDL-
cholesterol levels. We also found a significant interaction in LPL polymorphism (S447X) and
APOC3 polymorphism (Sstl) with triglyceride levels. This is the largest database showing the
association of common genetic variants in lipid metabolism with serum lipid levels in the general
Japanese population. Further study is necessary to elucidate the role of these gene polymorphisms

on cardiovascular events.



Introduction

Hyperlipidemia is a major risk factor for coronary artery disease (CAD) [1]. In contrast to
the sharp decline in both serum cholesterol and the mortality from CAD in the United States and
Western Europe, remarkable increases in serum cholesterol levels as well as CAD mortality have
been anticipated in the Asian-Pacific area due to industrialization and modernization of the lifestyle
{2]. The importance of lifestyle is also proved by the fact that Japanese who migrated to Hawaii and
California, for example, showed higher levels of serum cholesterol and a higher incidence of CAD
than people in Japan [3]. Thus, dietary habits and other environmental factors affect serum
cholesterol levels and CAD mortality in the population. However, the genetic trait is also an
important determinant of serum lipid levels.

Major mutations have been described coding for the low-density lipoprotein (LDL)
receptor, apolipoprotein B, and so forth, affecting mainly the serum LDL-cholesterol levels [4, 5].
However, plasma triglycenide (TG) and high-density lipoprotein {(HDL) cholesterol levels are also
considered established risk factors for CAD [6]. Therefore, association of common gene variants at
candidate genes with changes in TG and HDL-cholesterol levels would be important determinants

for CAD risk. Considering the recent prevalence of the metabolic syndrome, it would be_also

intriguing to examine the effect of these gene polymorphisms on the development of the metabolic

syndrome. So far in Japan, however. a large-scale analysis has not been performed on coimmon gene

variants related to lipid metabolism.



[n 2000 we have conducted the lipid survey in the general Japanese population of 12,839
people all over the country (J Atheroscler Thromb, in press). In this survey we also tried to examine
the frequency of common gene polymorphisms of four genes related to lipid metabolism and show

the association with serum lipid levels. Among the protetns involved in lipid metabolism, we chose

the following 4 genes because of the association with TG or HDL-cholesterol. Cholesteryl ester

transfer protein (CETP) facilitates the transfer of cholesteryl ester from HDL to apolipoprotein B-
contatning lipoproteins [7]. CETP is a key protein in reverse cholesterol transport and its deficiency

is associated with hyperalphalipoproteinemia [8-10]. Among several polymorphisms of the CETP

he 5 spli 1 f intron 14 (Int14 +1

mutation of exon 15 (D442G) in_the CETP gene are common mutations of

hyperalphalipoproteinemia in Japanese [11, 12]. The Int14 +1 G_A mutation results in a null altele:

homozygotes with the mutatton have no CETP in plasma and have marked elevation of HDL-

cholesterol [9]. TaqlB polymorphism of the (AP gene is one of the most studied_polymorphisms

worldwide, The D442G mutant is near the carboxy terminal region of CETP shown to be essential

for the function [13, 14]. The B2 allele of TaqlB polymorphism in intron 1 is associated with

decreased CETP levels and high HDL-cholesterol levels [15] and with coronary heart disease risk_in

Framingham Study [16] Therefore, we selected these three polymorphisms for our analysis.
Lipoprotein lipase (LPL) is one of the key enzymes in the metabolism of the TG-rich

lipoproteins. Among the several polymorphisms of the L.P[, genc we chose S447X polymorphism,



- which is common with the allele frequency being approximately 20% in healthy individuals [17-19].
Hepatic lipase (LIPC) is also a member of the lipase superfamily and plays an important role in the
metabolism and modeling of both pro- and anti-atherogenic lipoproteins [20]. Among the several
polymorphisms we selected -514C_T SNP. This polymorphism, tocated in the promoter region of
the LIPC gene, has been demonstrated to influence LIPC activity levels [21]. Apolipoprotein CITI
(apoCIII) can inhibit LPL and reduces the uptake of TG-rich remnant particles and the Sstl
polymorphism of the APQOC'3 gene has been shown to associate with hypertriglyceridemia and CAD
in various human populations [22-26]. Therefore, we also examined these polymorphisms in the
general Japanese population.

The aim of this study was, therefore, to_examine the_incidence of these gene

polymorphisms and their contribution to lipid concentrations in the general Japanese populations.
Methods

Designs and Data Collection

This work is part of the Serum Lipid Level Survey 2000 from various areas around Japan. The

Ethics committee, graduate school and faculty of Medicine, Kyoto University approved the study

protocol and all subjects provided written informed consent for participation of gene analysis. The

handling of DNA samples was followed by the guideline from the Ministry of Health, Labor, aﬁd

Welfare. In the Serum Lipid Survey 2000, a total of 12,839 subjects were recruited at 36 hospitals

across the country. These subjects in the present study were participants in the survey at 9 hospitals




with whom informed content for genotvping was soueht for. Of 12 839 subjects, 2267 (17.7%) with

no lipid-altering medication were randomly selected for the present study. In some institutes the

information on sex was not disclosed

Laboratory Methods

All serum and blood samples were obtained in the fasting state. All lipid and other analyses were

conducted on venous blood samples within one week of collection at BML (Saitama, Japan). Serum

cholesterol and TG levels were measured by enzymatic assay. HDL-cholesterol and LDL-

cholesterol were measured enzymatically by a kit from Daiichi Kagake Co. Ltd. {Tokyo, Japan).

The results of lipid analyses in the four surveys were indirectly standardized according to the

criteria of the CDC Lipid Standardization Program [24]. DNA was extracted by QlAamp DNA

blood kit (Qiagen, Hilden, Germany).

Detection of gene mutations by Invader® assay

We applied the Invader® assay for screening three known mutations of the C/<TP gene, one of the
LIP( genes, one of the LPL genes, and one of the APOC3 genes, as previously described [25]. In
brief, the probe/Invader®MgCl2 mixture was prepared by combining 3 pl of primary
probe/Invader® mix and 5 ul of 22.5 mM MgCI2 per reaction. The primary probes/Invader®
mixture contained 3.5 umol/l wild primary probe, 3.5 umol/l mutant primary probe, 0.35 umol/l

Invader® oligonucleotide, and 10  mmol/l MOPS  Eight microliter of primary

probe/lnvader®MgCl2 mixture was added into 96 well plate. Seven microliters of 5 fmol/



synthetic target oligonucleotides, 10 pg/m! veast tRNA (no target blank), and genomic DNA
samples (15 ng/ui) were added, which were denatured by incubation at 95°C for 10 min. After 15 pl
of mineral oil (Sigma, St. Louis, MO) were overlayed into all reaction wells, the plate was
incubated isothermally at 63°C for 4 h in the DNA thermalcycler (PTC-200; MJ Research,
Watertown, MAY) and then kept at 4°C until fluorescence measurements. The fluorescent intensities
were measured by the fluorescence microtiter plate reader (Cytoflour 4000; Applied Biosystems)
with ex'citation, 485 nm/20 nm (Wavelength/Bandwidth) and emission, 530 nm/25 nm for FAM;
excitation, 560 nm/20 nm and emission, 620 nm/40 nm for RED. The genotyping was analyzed by
calculation with the ratios of net counts with wild primary probe to net counts with mutant primary

probe. The prdbes used in this study were designed and synthesized by Third Wave Technologies

Inc (Madison, W1),

Data Analyses
Differences in means were evaluated by analysis of variance. The % -square test was used to

compare the incidence of each genotype. The_analysis was performed by SPSS software {ver.

11. 5 Chicaeco, IL)

Results

We investigated the frequency and phenotypic association of the commen polymorphisms

of CLTP. LPL. LIPC, and APOC3 genes at the population level in 2,267 subjects. Table 1

summarizes the mean serum lipid levels in the participants in this study. The mean age, total



cholesterol, TG, HDL-cholesterol, and LDL-cholesterol levels in this population were similar to the

level of all the participants of 12,839 people in the Serum Lipid Survey 2000. We also found that

the medians of total, LDI.-_and HDI.-cholesterol levels did not differ appreciably from the means

thereby excluding gross right-hand tailing of the distribution (data not shown), These data indicate

that the participants for the gene analysis are representative of the general Japanese population.
Table 2 summarizes the association of the gene polymorphisms with serum lipid levels in
all the participants. Tables 3 and 4 show the analysis in male and female participants, respectively.

We ed and found th rdy-Weinbere equilibrium was th for all the SNPs_supporting th

assumptions of random mating in this population except CETP Int]4 +1 G_A, in which no
homoz w in thi lation.

The incidence of heterozygote mutations of D442G and Int14 +1 G—A of the CETF cene

was 81 and 06 % r ively, These mutations wer cl with higher HDL -chol rol

The heterozygous mutation of D442G was also associated with lower TG level only in men

Although the incidence of homozveous mutation of D442G and heterozygous mutation of Intl4 +]

G—A was quite low and the difference was not significant, the TG levels tended to be hisher. The

incidence of BIB1, B1B2, and B2B2 genotypes the CETF TaqlB polymorphism was 35.8, 48.4,

and 15.8%, respectively. The B2 allele of the CETP TaqlB polymorphism was associated with

higher HDL-cholesterol levels in all the participants, men, and women, Although the difference was

not statistically significant, the participants with B2 allele tended to have lower TG levels. which js




different from the results with homozyeous mutation of D442G and_heterozveous mutation of Int14

+1 G—A

We then determined the polymorphism of LPL S447X mutations in this population. The
incidence of heterozygous and homozygous mutations in the LPL gene was 20.7 and 1.3%,
respectively. The mutation in the LPL S447X site was associated with higher HDL-cholesterol and
lower TG levels, although the difference of HDL-cholesterol in men or that of TG in women was
not statistically significant, possibly due to the small sample number,

The incidence of CC, CT, and TT genotype of LIP( in the Japanese was 24.9, 50.4, and
24.7%, respectively. Overall, the T allele was associated with an increase in HDL-cholesterol levels.

However, the statistical significance was not found in men. The TG levels do not seem to be

ffe hi P

The incidence of S1S1, S1S2, and S282 genotypes of the APOC3 Sstl polymorphism was

420, 45.8, and 12.2%, respectively. Although the HDL and LDL-cholesterol levels were similar in

all the genotypes, the S2 allele was associated with higher TG levels in all the participants and in

men, but not in women. Among the SNPs studied, no polvmorphism was found to affect the LDI.-

cholesterol levels,

To determine the contribution of CETP and LPL gene polymorphism to

hyperalphacholesterolemia (2.58_mmol/l or over) and hypoalphacholesterolemia (1 _mmol/l or

under), we divided all the participants into 3 groups according to HDL-cholesterol levels; 1 mmol/l



or under, 1 to 258 mmol/l, and 2 38 mmol/l or over. We then assessed the incidence of each

genotype. The incidence of hyper- and hypoalphacholesterolemia was 8.3 and 1.8%, respectively.
Among the genes studied we found 3 gene polymorphisms were associated with the incidence of
high HDL-cholesterol (2.58 or over) (Table 5} Participants with BZBZ of CETP TaqIB had a higher
incidence of high HDL-cholesterol levels than the others. Heterozygotes of CETP D442G
polymorphism had a higher incidence of higher HDL-cholesterol levels than wild type.
Homozygotes of LPL S447X polymorphism had a higher incidence of higher HDL-cholesterol
levels than the others.
Discussion

In this study we have demonstrated the frequency of six common gene polymorphisms of
the four genes related to lipid metabolism and its incidence and association with serum lipid levels
in the general Japanese population. Because this is the largest analysis in the Japanese population,
these data would be useful for the future analysis in the general Japanese population.

The prevalence of the D442G and Inti4 +1 G A mutations is very _high in the general

Japanese population, with heterozygote frequencies of 7 and 1 %, respectively [9, 10, 26, 27]. Qur

large scaled study showed similar frequencies of these mutations, with 8.1 and 0.6 %, respectively

indicating that our study population represents the_general Japanese population and confirmed that

the frequency of these mutations is quite frequent in our population, Because these mutations are

associated with lower CETP activities [26], the plasma level of HDL-cholesterol is higher in




