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Mutations in Japanese Subjects with Primary Hyperlipidemia
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Primary hyperlipidemia is caused by various molecular defects in lipid metabolism.
The Research Committee on Primary Hyperlipidemia organized by the Ministry of Health
and Welfare of Japan {present: the Ministry of Health, Labour and Welfare) has inves-
tigated reported mutations in Japanese patients with primary hyperlipidemia and re-
lated disorders {including hypolipidemia), and has created a database based on the
questionnaire sent to the members of council board of the Japan Atherosclerosis
Society. Mutations in the following genes were investigated: low density lipoprotein
receptor, lecithin: cholesteryl acyltransferase, lipoprotein lipase (LPL), hepatic lipase,
apolipoproteins A-1, A-1l, A-IV, B, C-1l, C-lll and E, microsomal triglyceride transfer
protein, and cholesterol ester transfer protein (CETP). Until 1898, 8922 patients with
primary hyperlipidemia and related disorders has been registered with the Research
Committee, and 190 mutations in 15 genes had been reporied, showing a marked
variation in Japanese patients with primary hyperlipidemia and related disorders. So-
called "common mutations” have been described in Japanese patients with familial
hypercholesterolemia, LPL deficiency and CETP deficiency. The genetic defect of fa-
milizl combined hyperlipidemia (FCHL) is still unknown although FCHL is speculated
to be the most prevalent genetic hyperlipidemia, and further investigations should be
performed to elucidate the molecular mechanisms of FCHL. J Atheroscler Thromb,
2004; 11: 131~145.
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perlipidemia, caused by various molecular deficils of
enzymes, receptors, transfer proteins or apolipoproteins
{apo) involved in lipid metabelism, is generally hard to
treat and causes various complications, such as coro-
nary artery disease in patients with familial hypercholes-
terolemia {FH) due to mutations in the low-densily lipo-
protein receptor (LDLR) gene (1). To clarify the molecu-
lar mechanism of primary hyperlipidemia, the Ministry of
Health and Welfare of Japan {present: the Ministry of
Health, Labour and Welfare) organized the Research
Commitiee in 1983. In the present study, in order to evalu-
ate the current status of mutational analysis for primary
hyperlipidemia in Japan, we investigaied the reported mu-
tations for primary hyperlipidemia and related disorders
and created a database for mutations in Japanese pa-
tients based on the work of the Research Commiitee con
Primary Hyperlipidemia of the Ministry of Health and
Welfare of Japan {Chairman: Professor Toru Kita, Kyoto
University).

Methods

Registered mutations

Reported mutations in the following genes were regis-
tered with the Research Committee: LDLR, lecithin: cho-
lesterol acyltransferase (LCAT), lipoprotein lipase {LPL},
hepatic lipase {HL), apo A-1, apo A-Il, apo A-IV, apo B,
apo C-l1, apo C-1ll, 2po E, microsomal triglyceride trans-
fer protein (MTP) and cholesteryl ester transfer protein
(CETP). Seme of these molecular defects, which cause
hypolipidemia, were also registered with the Research
Committee. Furthermore, mutations in genes recently
identified as causes of primary hyperlipidemia and re-
lated disorders were also investigated in this report.

Registration of the mutations

A questionnaire was sent to the members of the coun-
cil board of the Japan Atherosclerosis Societly and the
related institutes and/or hespitals of the councilors, and
the database was built up based on the returned ques-
tionnaires until 1998. In this guestionnaire, the following
items were investigated: clinical diagnosis, age, sex,
height, weighi, blood pressure, corneal ring and/or cpaci-
fication, xanthoma, history of smcking, hypertension,
dizbetes mellitus, coronary artery disease, cerebral ves-
sel disease, carctid artery stenosis, peripheral artery dis-
ease and pancreatitis, serum levels of total cholesterol,
triglvcerides, high density lipoprotein {HDL}-cholesterol,
apo A-1, A-ll, A-1V, B, C-li, C-lll and E, activities of CETP,
LPL, HL, LCAT and LDLR, phenotype of 2po E, pheno-
type of hyperlipidemia, and mutation (if identified). Fur-
thermore, mutations reported in the academic meetings
including the Annual Meetings of the Japan Atheroscle-
rosis Society, as well as the published mutations in the
journals until 2003, were added to the database as thor-

oughly as possible.

Results

Until 1998, 922 patients with primary hyperlipidemia had
been registered with the Research Commiltee {2). Pa-
tients with FH were the largest in number, followed by
these with apo E abnormality (deficiency/variant), CETP
deficiency, LPL deficiency and apo A-l abnormality (de-
ficiency/variant) (Table 1),

Disorders in cholesterol metabolism

LDLR is the most intensively analyzed gene in patients
with primary hyperlipidemia. To date, approximately 80
mutations have been reported in Japanese patients with
FH (Table 2), including large rearrangements, small de-
letions and/or insertions and point mutations throughout
the gene, and a marked variation was cbserved in the
mutations in the LDLR gene. Some of these mutations
have been reported to be common among Japanese
patients with FH (3, 4), such a5 C317Sin exon 7 (5}, PE64L
in exon 14 (8) and K720X in exon 17 (3).

Familial defective apo B-100 {FDB), of which the clini-
cal characleristics are similar to those of FH, have been
reported to be common in the Weslern pepulation (7).
FDB is caused by mutations in the binding domein of
apo B-100 10 LDLR, and to date, 3 mutations have been
identified as responsible for FDB, R3,5000Q (8), R3,500W
{9) and R3,531C (10). However, no patients have been
diagnosed with FDB in hundreds of clinically diagncsed
Japanese FH patients (11),

Recently, mutations have been identified in patients with
autcsomal recessive hypercholesterolemia (ARH), char-
acterized by severe hypercholesterclemia, xanthoma and
premature atherosclerosis without any imp airment of
LDLR, in a gene encoding a putative adaptor protein,
and a novel insertion mutation was discovered in the ARH
gene (insertion of an exira C at positions 598-606 in exon
8, creating a permature stop codon a1 657-659) in Japa-
nese siblings with ARH (12).

FCHL is characterized by increased levels of apo B-
100 and elevated levels of very low densily lipoprotein
{VLDL}, LDL, or both, in plasma, and is speculated to be
the most prevalent disorder of primary hyperlipi demia with
an increasedrisk of atherosclerotic diseases (7), how-
ever, the molecular basis of FCHL is still unkncwn, Four-
ieen patienis have been registered (2} with the Research
Committee according 1o the diagnostic criteria published
by the commitiee in 1887 {13),

On the other hand, hypcbetzlipoproteinemia and
abelalipoproteinemia have been known to cause genetic
hypocholesterolemia, The molecular basis of famiiial
hypobetalipoproteinemia is the truncated form of apo B-
100, and various mutations causing a premature stop
codon have been identified in the Western pepulation
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(7). In Japanese patients, 3 mutations, apo B-38.7, B-
54.4 and B-54.8 {Table 3) have been reported {14), each
of which results in the appearance of a premzature step
codon.

Abetalipoproteinemia, which is characterized by the
absence of VLDL and LCL in plasma, fat malabsorption
and acanthoceytosis, is caused by a functional deficit of
MTP (7). To dale, 4 mutations have been reported as
causes of abetalipoproteinemia in Japanese patienis
(Table 4) {15).

Disorders in triglyceride metabolism

LPL is a lipolylic enzyme and is essential for the hy-
drolysis of chylomicron and VLDL triglycerides, and a
functional defect of LPL causes marked hyper-
chylomicrenemia and hypertriglyceridemia {type I or type
V hyperlipidemia) (16}. To date, 25 mutations have been
identified in Japanese patients with LPL deficiency {Table
5). Among these mutations, S447X (17} in exon 9 and
816delG (LPL-Arita) (18) have been reported to be com-
mon in Japanese patients with LPL deficiency.

Apo C-ll is a coenzyme of LPL, and its genetic defect
causes hyperchylomicrenemia and hypentriglyceridemia,
similar to LPL deficiency {16). Three mutations have been
identified in Japanese patients with apo C-ll deficiency
{Table 6). in these patients, serum Jevels of triglycerides
were not so high as those in LPL deficiency, and some

patients had no history of pancreatitis, suggesting that
the clinical features of apo C-1l deficiency are mild com-
pared with those of LPL deficiency.

Familial HL deficiency is a rare autosomal recessive dis-
order characterized by moderate hypertriglyceridemia
and premature atherosclerctic cardiovascular diseases
{15). One mutation {C53G) in the HL gene has been re-
poried to be responsible for HL deficiency in a Japanese
subject (Table 7} {19}

Type lll hyperlipidemia {dysbetalipoprotein emiz} is char-
acterized by elevated concentrations of beth plasma
choleslerol and triglycerides, the presence of p-migrat-
ing VLDL, and accumulation of atherogenic cholesterol-
enriched remnants, such as intermediate density lipo-
protein and chylomicron remnants (20). The genetically
determined polymorphism of apo E has a significant im-
pact on lipid metabolism: the wild type of apo E is E3,
and there are the common variants E2 (Arg158Cys) and
E4 (Cys112Arg). The primary molecular defect in most
patients with type Il hyperlipidemia is homozygous £2/
t2 (20). Other than the commeon variants E2 and E4, there
have been some mutations causing apo E deficiency/
variants (Table 8} in Japanese patients. Some of these
mutations are responsible for type |1} hyperlipidemia with
autosomal dominant inheritance. Apo E5 (21) and apc
E7 (22) have been reported 1o be relatively common in
Japanese patients. Patients with apo E7 have been re-

Table 1. Resistered numbers of patients with primary hyperlipidemia.

Clinica! Diagnosis

Genetic Diagnosis

Total Homozygole Heterozygote Undetermined Homozygote }_i ?2:5:;9”::& Heterozygote
FH 635 17 617 2 12 3 28
ApoE abnermality 103 32 71 o] 32 6 65
- CETP deficiency 77 26 45 6 22 30 6
LPL deficiency 23 16 7 0 5 3 0
ApoA-| abnormality 18 3 15 0 3 i2 2
FCHL 14 0 0 14 0 0 0
FH-like syndrome 12 0 0 12 ¢ o] 0
LCAT deficiency 6 6 0 0 4 o] 0
ApoC-ll deficiency 6 4 2 ¢ 3 2 0
LPG 5 0 5 0 0 0 5
Abetalipoproteinemia a 3 0 0 3 0 0
Hypobetalipoproteinemia 1 1 0 0 1 0 0
HL deficiency 1 0 0 0 0 0 0
Others 17 8 3 & 1 0 0

Apo: apolipoprotein, CETP: cholesteryl ester transier pretein, FCHL: familial combined hyperlipidemia, FH: familia) hypercholes-
terolernia, HL: hepatic lipase, LCAT: lecithin cholesterol acyltransferase, LPG: lipoprotein glomerulopathy, LPL: lipoprotein lipase.
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Table 2, Mutations in 1he fow-density lipoprotein receplor gene in Japanese palients with familial hypercholesterolemia.
. - Nucleotide Effect on Coding
Position Mutalion Narme Change Sequence Class Authot Reterences
intron ¥ 68-1 G=+C G-+C at 68-1 3' splice signat class1  MaruyamaT  HumMutal 11; 480-481,
1498
exen 2 W23% Nanao G—Azl132 Trp—Stop at 23 NR YuW Alherosclerasis 165:
335-342, 2002
exan 2 czsy G—A st 137 Cys—Tyr a1 25 NR Yuw Alherosclerosis 165:
335=342, 2002
exon 2 D2éN G=A2t139 Asp-»Asn a1 26 NR Varret M Nuch Acid Res 26: 248-252,
1998
exons 2-3  In1-In3 del delelion 0f 4 kb detetionof exons 2,3 ¢lass3  Yamakawa K Hum Genel 82: 317-321,
1989
exons 2-3  In1-In3 del deletion of 5 kb deletionofexens 23 NR Kigawa K J Biochemn (Tokyo) 113:
372-376, 1993
exons 2-3  In1-Ih3 del  Tonami-2 deletion of 10 kb delelion of exons 2,3 class3  Kajinami K Circulation (Supp1) 80:
11278, 1889
exons 2-4  In1-Ind del  Kanazawa-1 deletion of 12 kb delefionof exons 2-4  NR Kajinami K Jintern Med 227: 247-251,
1990
exon 3 €545 T—A a1 223 Cys—Tyrat 54 class2  EmiM Jpn Heart J39: 785-789,
1998
exon 3 230delG? deletion of G at 230 frame shift NR Yuw Alherosclerasis 165:
335-342, 2002
exon 3 CB1F1 G—T al 244 Cys—Phe al 61 NR Yuw Alherosclerosis 165:
335-342, 2002
exon 3 C74X C—Aat 285 Cys—+Stop at 74 class 1 Hirayama T J Hom Genet 43: 250-254,
1998
exon 3 C74F G—Tal 288 Cys=Fhe at 74 NR Yuw Atherosclerosis 165;
335-342, 2002
exon 4 327insCt insertion of C a1 327 premature stop al NR Hirota A Ann Clin Biochern 38 (P1 5):
codon 158 526-530, 2002
exon 4 Ro4H Fukuoka G—A at 344 Arg—His at 94 NR Varret M Nue) Acid Res 26: 248-252,
. - 1998
exon 4 355del7bpt delelion of GGGAAGT premature stop at NR Hatlori H Hum Muiat 14: 87, 1989
a1 355 codon 183
exon 4 c100G T—G at 361 Cys—Gly at 100 NR Yuw Atherosclerosis 565:
335-342, 2002
exon 4 S109T* T—A at 388 Ser—Thr at 108 NR YuW Atherosclerosis 165:
335-342, 2002
exond 38%insCt insertion of C at 389 frame shifl NR YuWw Atherosclerosis 165:
335-342, 2002
exon 4 E119K Phillipines G—Aat 418 Glu—Lys at 119 class 28 Hobbs HH Hum Mutat 1: 445-466,
1992
exon 4 C134R! T—C al 463 Cys—Arg al 134 NR YuW Atherosclerosis 1 65:
335-342, 2002
exon 4 C13gR! T—C at 478 Cys—Arg a1 139 NR Yu W Atherosclerosis 165:
335-342, 2002
exon 4 C163R! T—C at 550 Cys—Arg at 163 NR YuW Atherosclerosis 165:
335-342, 2002
exon 4 Vigam! G~—A al 565 Val—+Met at 165 NR Yu W Atherosclerosis 165;
335-342, 2002
exon 4 C1835! G—C at 611 Cys—Ser at 182 NR Yu W Alherosclerosis 165:
335-342, 2002
exon 5 D245N: MNaha G—+A 2t 706 Asp—Asn ol 245 NR Yuw Alherosclerosis 165:

335-342, 2002
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Table 2. Mulations in the low-density lipoprotein receptor gene in Japanese patients with familial hyperchelesierclemia (continued).

Nucleotide Effect on Coding

Position Mutation Name Class Author Relarences
Change Sequence
exan § D245GY A-Gal 797 Asp—Cly at 245 NA YuWw Atherosclerosis 165:
335-342, 2002
exon 6 D280y Tsuruga G-+T at 801 Asp—Tyr al 280 NR YuWw Alherosclerosis 165:
335-342,2002
exon 7 C317s8 Wakayama T—Aat 1012 Cys-+Seral 317 class 2 FunahashiT  JIntern Med 239: 187-100,
1995
exon 7 C317R Gifu T—C at 1012 Cys—Arg 21317 NR Varrel M Nucl Acid Res 26: 248-252,
1998
excn7 R325x1 C—Tal 1048 Arg—Slop al 329 NR Yu W Atherosclerosis 165:
335-342, 2002
excns 7-14  In6-In14 del QOsaka-2 deletion of 12 kb deletion of exons B-14 class 5  Miyake Y J Biol Chern 364:
16584-16590, 1989
exons 7-14  Ex7-In14 del Okayama deletion of 13 kb defelion of exons 8-14  NR Kajinami K J Intern Med 227: 247-251,
1990
exon 8 1061insT? insertion of T al 1061 frame shift NR YuW Atherosclergsis 165:
335-342, 2002
exon B D33sH Kanagawa  G—C at 1066 - Asp—His at 335 NR Varret M Nucl Acid Res 26; 248-252,
1998
exon 8 1115del8bp, deletion of 8 bp, GlyGlyGlyTyr—» NR Yamakawa K Hum Genet 93: 625-628,
ins6bp insertion of 6 bp from  Atal euAsn from 351 1064
1115
exon B casay G—~Aal1136 Cys—Tyr at 358 class &  Hirayama T J Hum Genet 43; 250-254,
1886
exon 9 FagzL T—A at 1207 Phe—Leu at 382 NR Varret M Nucl Acid Res 26: 248-252,
1998
exong 1246ins5bp insertion of 5 bp at frame shifi afler Arg395 NR Hatlori H Hum Mutat 14: §7, 1999
1246
exon 9 R395wH Moricka C-+T at 1246 Arg—+Trp al 395 defeclive YagiK J Jpn Atheroscler Soc 22;
100, 1994
exon g E397K! G—+Aat 1252 Glu—~Lys al 397 NR Yuw Atherosclerosis 165:
335-342, 2002
exon 9 V408M Afrikaner-2  G—+A al 1285 Val--Mel at 408 NR Varret M Nucl Acid Res 25; 248-252,
1990
exon g A410T G—+A at 1291 Ala—=Thr at 410 NR Halteri H Hum Mutat 14; 87, 1998
exon 9 D412H Osaka-3 G—+C 211297 Asp—His al 412 class 2 Miyake Y Eur J Biochem 210:
1-7, 1992
exon 10 A480ES C—Aat 1502 Ala—Glu al 480 class 2B Miyake ¥ J Jpn Atheroscler Soc 24;
733,1997
exen 10 V5021 G- A at 1567 Val-+Mel af 502 class 2A  Yuw Atherosclerosis 165:
335-342, 2002
iniron 10 1587 =1 G—A 8t 1587 -1 3" splice signal NR Yuw Atherosclerosis 165:
G+A 335-342, 2002
exon 11 W512X) G—+A at 1580 Trp=+Stop gl 512 NR Hatlori H Hum Mutat 14: 87, 1909
exon1i 1687insC! insertion of C a1 1667  premature stop a NR Hallori H Hum Mutal 14; 87, 1999
codon 559
exon 11 L547Vt C—Gali1702 Leu—Valat 547 NR Hattori H Hum Mulat 14; B7, 1299
intron 11 1705 + 1 G—C a1 170541 5" splice signal class 1 Miyake ¥ Ini Symp on Lipoprotein
G-C Metabolism &

Atherogenesis, Kyoto
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Table 2. Mutations in the low-density ipoprotein receptor gene in Japanese patients with familial hypercholesterolemia (continued).

Nucleotide

Effect on Coding

Positien Mutation Name Class Author References
Change Sequence
exon 12 1773insG insertion of G at 1773  frame shifl class 1 Hirayama T J Hum Genet 43: 250-254,
1998
exon 12 R574Q G—Aat 1784 Arg—Gln at 574 NR Varret M Nucl Acidl Res 26; 248-252,
1998
exon 12 P5875 C—T al 1822 Pro—Ser at 587 class 2 Hireyama T J Hum Genet 43; 250-254,
1988
intron 12 1845 + 2T—C Niigala T-Cat18454 2 §' splice signal class1  Maruyama T  Eur J Biochem 232:
700-705, 1995
exon 13 1963delT deletionof T at 1963 {rame shift class1  Hirayama T J Hum Genet 43: 250-254,
1998 .
exon 13 1867delATCH deletion of ATC al delelion of lle at 602 NR YuWw Atherosclerosis 165:
1867-1869 335-342, 2002
exon 13 L6215t T—G at 1925 Leu=—Ser al 621 NR YuW Atherosclercsis $65:
335-342, 2002
exon i4 GES5ST G—A at 2026 Gly—Ser at 655 NR Yuw Atheroscleresis 168:
335-342, 2002
exon 14 2035insT? inserionof T al 2035  premalure stop at NR Hatlori H Hum Mutat 14: 87, 1999
codon 686
exon 14 -PEG4L Kanazawa-2 C—T &t 2054 Pro—Leu at 664 class 2B Soular AK Proc Matl Acad Sci USA BG:
41664170, 1989
exon 14 2055del& deletion of G at 2055  frame shift NR Yuw Atherosclerosis 165:
. 335-342, 2002
exon 14 E693K! G—A 212140 Glu—Lys at 693 NR Hatlori H Hum Mutat 14; 87, 1984
exon 15 In14-In15 de! Tonami-1 deletion of 6 kb delelion of exon 15 NR Kajinami K Artericsclerosis 8: 187-182,
1988
exon 15 2199delCA  Mishima deletion of CA at frame shifl after NR Tashiro J Eur J Clin Invest 28:
2199 or 2201 Thr 713 712-719,1998
exon 15 Q718X8 Yokote C—Tat2215 GIn—+Slop at 718 NR Higashikata T J Jpn Atheroscler Soc 23:
B47, 1996
exons 15-16 In14-Ini6 del deletion of 5.5 kb delefion of exons NR Yamakawa K Hum Genet 82: 317-321,
15, 16 1988
intron 15 2312-3 C—A! C—Aat2312-3 3’ splice signal NR Yuw Athercsclerosis 165;
335-342, 2002
exen 16 1655celT deletion of Tat 1655 frame shifl afler NR —_ —
Asp 530
e.xons 16=17 In15-n17 del cleletion of 4 kb deletion of excns NR Yamakawa X Hum Genet 82: 317-321,
16, 17 1989
exons 16-18 In15-In18 del Osaka-1 deletion of 7.8 kb deletion of exons class 4B Miyake Y Proc Natl Acad Sci USA 78:
16-18 5151-5155, 1981
exon 17 2412insGY insertion of G afler frame shift afler NR Miyshe ¥ J Jpn Atheroscler Soc 22:
’ 2412 Gly 784 6486, 1995
exon 17 K790X A=+T at 2431 Lys—Sicp al 790 class 1,4 Maruyama T  Arlerioscler Thromb Vasc

Biot 15: 17131718, 1965

1: Mutation reporled after the closing of regisiration 1o the Research Committee in 1998.

& Mutation reported in an abstract form in Japanese.
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ported to be susceplible 1o coronary artery disease,

Lipoprotein glomerulopathy (LPG) is a newly recognized
renal disease characterized by abnorma! lipoprotein
deposition in the glomeruli, dysbetalinoproteinemia, and
a high level of plasma apo E, and is caused by mutations
in the apo £ gene (23). Some mutations in the apo E gene
have been described in Japanese Palients with LPG
(Table B) (24).

Disorders in HDL metabolism

Hyperalphalipoproteinemia (HALP) is a common disor-
der in the Japanese population, and approximately 60%
of marked HALP with serum HDL-cholesterol levels of
100 mg/dl or over is caused by CETP deficiency (25).
CETP is 2 key protein in the reverse cholesterol trans-
port system, which transfers cholesteryl ester from HDL
particles to apo B-containing lipcpreteins, and its ge-
netic defect results in marked HALP {26). Nine mutations
have been described in Japanese patients with CETP
deficiency (Table 8), and two mutations, 1451 + 1G> A
inintron 14 (27) and D442G in exon 15 (28), are known to
be common in patients with CETP deficiency.

Genetic hypoalphalipoproteinemia results from muta-
tions in the apo A-I/C-III/A-IV gene complex, the LCAT
gene the ATP-binding cassette transporter 1 {ABCA1)
gene, and other unknown molecules (26). LCAT is a
plasma enzyme that esterifies free cholesterol in serum
lipoproteins, and LCAT deficiency leads to marked re-
duction in serum HDL-cholesterol levels {29). To date,

137

13 mutations have been reported in Japzanese patients
with LCAT deficiency (Table 10). Patienis with the M293i
mutation, with partially residual LCAT activity, have been
reported to show mild renal dysfunction (30). The R22C
and T1231 mutations have been identified in patients with
fish eye disease (partial deficiency of LCAT activity).

Eighteen mutations have been described in the apo A-
| gene (Table 11), including apo A-l varianis and defi-
ciency. Patients with apo A-| deficiency show marked
hypozlphalipoproteinemia and susceptibility to prema-
ture atherosclerosis (26). In contrast, in patients with an
apo A-| variant, hypoalphalipoproteinemia is relatively
rare.

Apo A-li deficiency is a rare disorder caused by mu-
tations in the apo A-ll gene (31}, and only 1 mutation
(Apo A-1l Hiroshima) has been reported in a Japanese
patient with apo A-ll deficiency (Table 12). In these
patients, the apo A-|l level was undelectable. Although
the serum apo A-l level was slightly decreased,
hypoalphalipoproteinemiz was not chserved in a patient
with apo A-ll deficiency {31).

So far, no mutations have been identified in the apo A-
IV gene or the apo C-Hlt gene in Japanese subjects.

Mutations in the ABCA1 gene have recently been iden-
tified as causes of Tangier disease and familial HDL de-
ficiency {FHD) (32). Some mutations in the ABCA1 gene -
have been described in Japanese patients with Tangier
disease and FHD (Table 13).

Table 3. Mutations in the apclipoprotein B gene in Japanese patients with hypobetalipoproteinemia,

Mutation Name Nuclectide Change Effect on Coding Sequence Author References

Q1755 ApcB-38.7 C—Tat 5472 Gln—Slop at 1755 Ohashi K Arerioscler Thromb Vasc Biol 18:
1330-1334, 1998

7612insA™  ApeB-54.4 insertionof Aat 7612 Trp—Stop at 2468 Chashi K J Jpn Atheroscler Soc 29:
259, 2001

R2486X'""  ApcB-54.8 C—T at 7665 Arg—Stop at 2486 Chashi K J Jpn Atheroscler Soc 24: 142,
1998

1: Mutation repored after the closing of registration 1o the Research Commitiee in 1998.

§: Mutation reperted in an abstract form in Japanese.

Table 4. Mutations in the microsomal triglyceride transfer protein gene in Japanese patients with abetatipeproteinemia.

Position Mutation Nuclecotide Change Eifect on Coding Sequence Author Relerences
intron2 G1237A% G—A at 1237 3" splice signal ObashiK —
intron® 1) G—AS G—A at [-1) 3' eplice signal Yo 5 J Jpn Atheroscler Soc 24:
734, 1997
exon 11 1382delA deletion of A al 1389 frame shift after Glud62 Ohashi K J Lipid Res 41: 1199-1204, 2000
exon 16 N780Y A—T at 2338 Asn—Tyr at 780 Ohashi K J Lipid Res 41: 11991204, 2000

§: Mutation reporied in an abstract form in Japanese.
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Table 5. Mutations in the lipoprotein lipase oene in Japanese subjects,
. . Nucleotide Eftect ¢n Coding
Position Mutalion Name Change Sequence Class Author References
exon 1 Wi-141% G—Aal216 Trp~+Stop at {~14) Nakaura T J Atheroscler Thromb 3:
17-24, 1996
exon 2 N438 A—+G at 383 Asn—Ser at 43 KobayashiJ  Bicchem Biophys Res
Carnmun 205: 506-515,
1994
intron 2 423 + 1 G—A G—A at 42341 5’ splice signal class 1 Goloda T J Biol Chem 226:
24757-24762, 1991
exon 3 Y81 X T=Aat 432 Tyr—Stop at 61 class 1 GolodaT Bicchim Biephys Acta 1138:
353-356, 1992
exon 3 G105Rt G—A at 568 Gly—Arg al 105 class 2 lkeda ¥ Clin Sci {Lond) 99; 568-578,
2000
exon5 G154Vt G=Tat716 Gly—+Val at 154 class 1 lkeda Y J Lipid Res 42: 1072-1081,
2001
exon 5 G188E G—Aal8iB Gly—~Glu al 188 class 1 EmiM J Biol Chem 265: 5910, 1990
exon § 1184T¢ T-+C at 836 lle—Thr 5t 194 KobayashiJ  Domyakukoka 25: 131, 1987
exon K198R A—G at 848 Lys—Arg at 198 — —
exon 5 V2004 T-+C a1 854 Val—Ala at 200 Takagi A Alhrosclercsis 134; 27-28,
1097
exon$ D204E C—G al 867 Asp—Glu at 204 class2  GolodaT J ClinInvest 88: 71856-1864,
1991
exon § 916delG Arila delectionof Gal 916 frame shift after Glu220 Takagi A J Clin Invest 89: 581-591,
1892
exon 6 C239X%% Obama C—Aat §72 Cys—Stop a1 229 lkeda Y J Jpn Alheroscler Soc 25:
141, 1998
excné R243C% G~+T at 983 Arg-+Cys at 243 lkeda Y J Jpn Atheroscler Soc 25:
141, 1958
excn 6 R243H G—+A at 983 Arg—His a1 243 class 2 Goloda T J Clin Inves! 88; 138561864,
’ 1951
exon 6 A261TH C—~Aat 1036 Ala—Thr 2t 261 Takagi A J Jpn Atheroscler Soc 23:
872, 1996
exon 6 F270L Mima T—G at 1065 Phe—Leu at 270 class 2 Takagi A Biochim Bicphys Acta 1502:
433-446, 2000
exon 6 C278R T—C at 1087 Cys-+Arg a1 278 Takagi A Alheroscleresis 134; 27-28,
1997
exon 6 L303Ft G-+C at 1062 Leu—Phe at 303 tlass 1 Saika Y Euwr J Clin Invest 33:
216-222, 2003
exon7 del A% deletion of A at frame shift atler KobayashiJ  J Jpn Atheroscler Soc 25:
codon 281 codon 303 131, 1897
exon7 A334T G-+A at 1255 Ala=Thr a1334 Kobayashi}  Biochem Bicphys Res
Commun 191: 1046-1054,
1953
exon 8 1400delG deletion of G frame shifl after Trp class2  Goloda T J Clin Invest 88: 1855-1864,
al 1300 382 ord 1991
exon 8 Wwaszx! G—Aal 1401 Trp—Stop at 382 class 1 Takagi A Clin Chim Acla 2R5;
143-154, 1999
intron 8 149G + 2 T—+Ct T—+C at 149642 5' splice signal class 1 Ikeda 'y J Lipid Res 42: 1072-1081,
2001
exon 9 S447X C—+G al 1595 Ser—Stop at 447 KebayashiJ  Biochem Biophys Res

Commun 182: 70-77, 1902

: Mulation reported after the closing of registratlion to the Research Comrnittes in 10086,
5: Mulation reportec in an absiract form in Japanese.
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Table 6. Mutations in the apoC-1l gene in Japanese patients with apoC-ll deficiency.
Position Mutation Name Nucleotide Change  Effect on Ceding  Author References
Sequence

intron2 9341 G—»C Tokyo G—Cat 83+1 5" gplice signal Ckube M Atherosclerosis 130: 153-160,
1097

exond  108delC Japan deletion of Cat 108 frame shift XiongWJ  AmJ Hum Genet 48: 383~389,
1981

exon3 W26R Wakayama T-—C al 180 Trp—+Arg at 26 InaderaH Biochem Biophys Res Commun

193: 1174-1183, 1993

Table 7. Mutation in the hepalic lipase gene in 2 Japanese subject.

Position Mutation

Nucleotide Change

Effect on Coding Sequence Author

Reference

exon2 C53G

T—G at 230

Cys—Gly at 53

lkeda ¥

Atherosclerosis X: 777-788, 1998

Table 8. Mutations in the apdlipoprotein E gene in Japanese subjects.

Exon Mutation Name Nucleatide Effect on Coding Class Author References
Change Sequence
3 E3K E-5 G—=Aat28 Glu—=lys al 3 E-5 Tajima S J Biochern (Tokyo} 104: 48-52,
1988
3 R25C E2 Kyolo C—Taloq Arg—Cys at 25 LPG Moriyama K Kidney Int 56: 421427, 1999
3 Q4GHS G—C al 158 Gln—+His at 46 NR Bisaki M Domyzakokuka 23: 891, 1996
4 135-142 ins* E-B insertion of 24 bp duplicalion of 135-142 E-5 Yamanouchi ¥ J Hum Genet 46: 633-639, 2001
from codon 135
4 141-143 del'  E-Tokyo deletion of 9 bp from  deletion of 141-143 LPG Konishi K Nephron 83: 214-218, 1969
codon 141
4 141-146 del” E-Maebashi  delelion of 18 bp delelicn of 141-146 LPG Ogawa T Pediatr Nephrol 14: 149=151,
from codon 141 2000
4 R1428% E-1 Arg—Ser at 142 type lll {d) Sakuma N Domyakokuka 29:252, 2001
4 K146E E-1 A—G at 457 Lys—Glu at 146 type lll {d) Moriyama K Biochim Biophys Acta 1128:
58-64, 1992
4 R145H E-2 Kochi G—A al 465 Arg—His at 145 type Il (g}  Suehiro —
4 156-173 clel! E-1 deletion of 54 bp delelion of LPG Ando M Kidney Int 56: 1317-1323, 1999
from codon 156 Q156-G173
4 Q187E E2 Toranomon C—G at codon 187 Gh—Glu at 187 type Nl (d) Okubo M Atherosclerosis 140: 187-190,
1998
4 A216\ E3 Nananuma C—T at 668 Ala—Val al 216 type I1{d) Matsunaga A Domyakukoka 23: B46, 1996
4 R224Q E2 Fukuoka  C—Aat 692 Arg—Ginat 224 type 1 {d) Moriyama K Biochim Biophys Acia 1301:
185-190, 1989
4 E244K, E245K E7 Suila G—+Aat 751,754 Glu—+Lys a1 244, 245 E-7 Tajirma S J Biochem {Tokyo) 105: 249-253,
1989
4 E2 Sendai G—C at 445 Arg=+Pro at 145 LPG Qikawa 8 J Am Soc Nephre! 8:

R145P

B20-823, 1997

{c¢}: dominant, LPG: lipoprotein glomerulopaihy.
1. Mulation reported afler the closing of registralion to the Research Commiltee in 1098,
*: Mutalion reporied in an abstracl formin Japanese.
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Sterol storage disorders {cerebrotendinous
xanthomatosis and sitosterolemia)

Sterol storage disorders are characterized by accumu-
lation of plant sterols and massive xanthoma similar to
those in homozygous FH, such as cerebrotendinous xan-
thomatosis (CTX, accumulation of cholesiancl] and
sitosterolemia (accumulation cf sitosterol) (33). These
disorders do not belong to primary hyperlipidemia but
are recognized as related disorders, and one such pa-
tient has been registered with the Research Committee

Maruyama et al.

(2). CTX is caused by mutations in sterol 27 hydrexylase
{Cyp27) (33), and sitosterolemia by mutations in the ATP-
binding cassette transporter G5 or G8 (34). Some muta-
tions have been identified in Japanese patients with sle-
rol storage disorders (Table 14).

Discussion

In the present report, 190 mutations in 15 genes were
described. The numbers of the described mutations were

Table 9. Mutations in the cholesteryl ester transfer protein gene in Japanese subjects.

Pesition  Mulation El:z:e:;ide g::zleﬁzeCOding Class Author References
promoter  {~ 69)G—A! G—+Aat {-69) promoter deficiency Nagano M Anrlerioscler Thromb Vasc Biol 21:
' $85-990, 2001

exon5 L151P! T-+C at codon 151% Leu—Proal 151  deficiency Nagano M J Lipid Res 43; 1011-1018, 2002
exon 6 c181X% G-+Tat 722 Gly—+Stop at 181 deficiency Arai T J Lipid Res 37: 2145-2154, 1996
exon 9 R282Ct C—T at codon 282 Arg—Cys at282  deliciency Nagano M J Lipid Res 43: 10111018, 2002
exon10 Q309X C—Tat1108 Gin—+Stop at 309  deficiency GotodaT Biochem Biophys Res Commun 194:

. £19-524, 1983
infron 10 3111+ 2T=G T—-Gal 111142 5' splice signal deficiency Sakai N J Lipid Res 37: 2065-2073, 1996
intron 14 1451+ 1G—~A G=Aal 1451}1 5' splice signal deficiency Brown ML Nature 342; 448-451, 1689
intron14 1451+ 3ins T; inserlion of T at 145143 &' splice signal deficiency Inazu A JJpn Atheroscler Soc 21: 73, 1983
exon 15  D442G A—G at 1506 Asp—Gly 21442 deficiency Takahashi K J Clin Invesi 92: 2060-2064, 1993

12 Mulation reported atter the closing of registration to the Research Committee in 1998,

¢: Mulalion reporied in an abstract formin Japanese.

Table 10. Mutations in the lecithin:cholestero! acyliransferase gene in Japanese subjects.

Nucleolide Eflect on Coding

Exon Muialicn Change Sequence Class Author References

1 N5I A—=Tat1b Asn—lle at 5 deficiency  Okubo M Int J Clin Lab Res 26: 250-254, 1996

1 124insC inserion of C at 124 frame shilt after Pro 10 deficiency  Bujo H Biochem Blophys Res Commun 181;
933-840, 1991

2 G305k G—Tat 188 Gly—Ser at 30 deficiency Yo S J Jpn Athercscler Soc 23: 178, 1895

3 REaCH C—T &l codon 99 Arg—Cys at 99 FED Shinoda ¥ J Jpn Atheroscler Soc 24; 690, 1997

4 11258 C—Tal 418 Thr=+1le at 123 FED Nishioka & J Jpn Athercscler Soc 23 179, 1995

4 R140C* C—T at 518 Arg—-Cys at 140 deficiency  Aragane K J Jpn Atheroscler Soc 23: 847, 1996

4 G141ins insertion of GGC from 521 inserlion of Gly 141 deficiency  Goloda T Lance! 388: 778-761, 1981

6 N22BK C—Azal 784 Asn—Lys at 228 deficiency  Gotoda T Lance! 388: 778-781, 1981

6 P250RY C=( at 852 Pro—~Arg at 250 deficiency  Aragane K J Jpn Alheroscler Soc 23: 180, 1995

6 873delG detelion of G at 873 frame shift afler Val 264 deficiency  Moriyama K J Lipid Res 36: 2329-2343, 1995

6 M2931 G—+A 2l 979 Met—lle at 293 deficiency  Maeda E Biochem Biophys Res Commun 178:
460-466, 1891

6 T321M C~T el 1065 Thr—Mel at 321 deficiency — —

[ (3345 G—+Aat 1130 Gly—Ser al 344 deficiency  Moriyama K J Lipid Res 36: 2329-2343, 1095

1. Mutation reporled afler the closing of regisiration lo the Research Committee in 1998,

b Mulzalion reported in an abstract formin Japanese.
FED : fish eye disease.



larger than those in the annual reports of the Research
Committee published in 1926-1928 (2, 35, 36), because
mutations reported in academic meetings and/or those
published in journals until 2003 were added 1o the data-

Mutations for Hyperlipidemia in Japan

orders.

Table 11. Mutations in the apolipoprotein A+l gene in Japanese subjects.

141

base of the Besearch Commitiee. Although some genetic
polymerphisms might be included in these muiations,
most mutations are thought to be responsible for the dis-

Position Mutation Name Nucleotide Etlect on Coding Class Author References
Change Sequence
promoler -27A—C A=Call2?) TATA box deficiency Matsunaga A Arlerioscler Thromb Vasc
Biol 19: 348-355, 1999"
excn 3 78delAs deletion of A at 683 frame shift after deficiency Itoh T Domyakukoka 24; 287, 1936
(codon -5} Mg (-5)
exen 3 105insC Tsukuba insertion of C at 105 frame shift after deficiency Nakata K Biochem Biophys Res
Glus Commun 1296: 850955,
1991
exon 3 WBX G—Aal729 Trp~Stop at 8 deficiency Takata K Arterioscier Thromb Vasc
Biol 15: 1866~10874,1995
exon 3 D13y Yarme G=Tat743 Asp—Tyrat13 Takada Y J Lipid Res 32: 275-280,
1991
exon 3 AJTT G- Aal 815 Ala—Thr at 37 Araki K Bicchim Biophys Acta 1214:
272-278, 1994
exon 4 Ds1v Kaho AT 2t 1447 Asp—Val at 51 Meriyama K J Atheroscler Thromb 3:
12-16, 1996
exon 4 335ins23bp  Sasebo inseriion of 23 bp frame shifi after deficiency Moriyama K Arlesioscler Thromb Vasc
from 1779 Gly 51 Biol 16: 1416-1423, 1986
exon 4 084X C—T at 1545 Gln—+Stop at 84 deficiency Matsunaga T  Proc Nall Acad Sci USA 88:
- 2783-2797, 1891
exon 4 ASED Hita C—Aat 1579 Ala—Asp al 95 Araki K Biochim Biophys Acta 1214;
272-278, 1994
exon 4 Y100+ Karatsu T—C a1 1593 Tyr—His at 100 Moariyama K Clin Genel 49: 79-84, 1996
exend K106 del Nanakuma  delelion of AAG at deletion of Lys Moriyama K Atheroscler Thromb 3:
16801-1606 105 or 107 12-16, 1986
excn 4 W108R Tsushima T—+C al 1617 Trp—+Arg a1 108 Argki K Biochim Biophys Acta 1214
272-278, 1994
exon 4 E110K Fukucka G—+A al 1623 Giu—Lys at 110 Takada Y Biochim Biophys Acta 1043:
168-176, 1990
exon 4 " V158E Oila T—A at 1762 Val+Glu at 156 deficiency Huang W Arterioscler Thromb Vasc
Biol 18: 389-396, 1598
exon 4 H162Q Kurume T=G al 1781 His—+GlIn at 162 Moriyama K Clin Genel 49: 79-84, 1996
exon § 2100delCY deletion of C at frame shift after Yohota H Alherosclerosis 162;
codon 184 Glu 183 359407, 2002
exan 4 E235 del Nichinan deletion of GAG at deletion of GIn235  lewHDL HanH Arlerioscler Throml; Vasc
1995-2000 ' Bicl 19: 1447~1455, 1999

1 Mutation reported alter the closing of registration 1o the Research Commitlee in 3998,
§: Mutation reported in an abstract lormin Japanese.

Table 12. Mutation in the apolipopretein A-Il gene in a Japanese subject.

Position Mulatfion Name Nucleotice Effect on Coding Class Author Reference
Change Sequence
inlron 3 243 + 1 G—+A Hiroshima G—Aat243 +1 5' splice signal deficiency Deeb SS Am J Hum Genet 46:

822-627. 1990




