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Table 1. Mutations resulting from deletion/insertion ot occurring at splice sites/promoter regions of the human lipopro-

tein lipase (LPL) gene

Deletion mutation Insertion mutation

Splice site mutation

small deletions small deletions IVS1ds +1 G>C
Gln(-12) Ter (del 2bp) ins CC in 5’UTR (+ 14~ +15) IVS1 as —4- -2 (del 3bp)
Thr18Ter (del 11bp) Glu35Ter (ins A) IVS2ds +1 G>AT
Val69Ter (del 2bp) ins 5bp in exon 3 IV§2as —1 G>A
Ala70Ter (del 4bp) Lys312Ter (ins C) IVS3as =6 C>T'S
Lys102Ter (del 5bp) Thr361Ter (ins A) IVS6as -3 C>A
Asn120Ter (del 4bp) IVS8 ds +2 T>C'
Ser172Ter (del 1bp) gross insertion

Gly209Ter (del 1bp)

ins 2kb (exon6-IVS6)

Promoter region mutation

Ala221Ter (del 1bp)’ T(-93)G*¥
Arg243Ter (del 1bp) f Insertion-deletion (Indel) mutation G(-53)C8
Ser251Ter (del 2bp) small indels T(-39)C}
Asn291Ter (del 1bp)! Ala70Ter (del 4bp + ins 2bp)

Leu353Ter (del 2bp) Thr101Ter (del 1bp +ins 6bp)

del Ser396-Pro397 (del 6bp)

gross deletions gross indels

del 54kb (5° upstream-I\/'Sl)T
del 6kb (IVS2-IVS5)
del 2.1kb (IVS7-IVS8)

del (exon8-exon10)

Ser193Arg +11e194Thr (del 5bp +ins 5bp)

del 2.3kb inc. exon2 +ins 150bp Alu element’

"Mutations identified in Japanese patients with familial LPL deficiency

SMutations or polymorphisms not necessarily underlying LPL deficiency
Abbreviations: Ter, termination of codon; del, deletion; IVS, intervening sequence; UTR, untranslated region; ins, insertion; ds, donor

splice site; as, acceptor splice site

identified and reported worldwide (Fig.1 and Table
1). Mutations are reportedly identified in 97% of pa-
tients, nearly 70% of which are missense mutations
involving amino acid substitutions? that are highly
concentrated in exons 5 and 6 that code for the cata-
lytic center of LPL (Fig.1); therefore, these exons
should be examined first in the gene-based diagnosis
of unknown mutations. Many of the amino acid sub-
stitutions cause a decrease in lipophilicity of the a-he-
lix or B-sheet region. Other known mutations include
nonsense mutations, frame-shift mutations due to in-
sertion or deletion of a few bases, gross rearrangements
due to insertion or deletion of a large DNA fragment,
and splicing mutations due to mutations at splice do-
nor or acceptor sites (Table 1). Since decisive muta-
tions such as those above have been identified in most
patients of European ancestry, patients who develop
this disorder due to changes in the LPL gene expres-
sion levels caused by abnormality of a promoter region
etc. are considered to be very rare?; however, since
several Japanese patients are reported to be devoid of
any such decisive mutations, it seems worth investi-
gating the other region of the LPL gene in such cases.

In Japan, at least 35 mutations have been report-
ed. In particular, as nonsense mutations in exon 3
(Y61X) and exon 8 (W382X)?” and a single-base de-
letion in exon 5 (A221Ter (del 1bp))?® have been
identified in multiple families of Japanese patients,
these mutations are considered to be distributed rela-
tively widely in the LPL gene of Japanese. On the oth-
er hand, S447X, which is considered to be a gain-of-
function polymorphism, has been shown to reduce
TG and increase HDL-cholesterol®.

While LPL gene mutations are relatively rare,
their diagnosis is considered clinically important be-
cause of the severity of the disorders they cause. Ex-
amination of a few relatively frequent mutations has
already been incorporated into routine clinical labora-
tory tests. Also, screening for 22 known mutations can
be conducted simultaneously using the LPL gene test
employing the invader method reported®”, and simi-
lar attempts are expected to make high throughput
screening possible.

e) Treatment
The most problematic complication of this dis-
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order is acute pancreatitis, and treatments are carried
out to prevent the occurrence or progression of pan-
creatitis. The basic treatment is restriction of fat in-
take, i.e., restricting dietary fat intake to 20 g/day or
less or to 15% or less of the total energy intake, to
maintain the postprandial TG level at a maximum of
1,500 mg/dl or less?. Infants are given milk contain-
ing medium chain triglycerides (MCTs), which enter
the circulation without being incorporated into chylo-
microns, and defatted milk. MCTs can also be used for
cooking. In the 2nd or 3rd trimesters of pregnancy, fat
intake restriction up to 2 g/day has been reported not
to affect neonates®. Acute pancreatitis is treated by
fasting and low-calorie infusion, and the intravenous
infusion of lipid preparations or high-calorie infusion
should be avoided. This disorder barely responds to
anti-hyperlipidemic drugs, but the use of fibrates should
be considered in adults showing an increase also in
VLDL. The effectiveness of gene therapy has been

demonstrated experimentally in various animal models3".

B) Familial Apolipoprotein C-II Deficiency
a) Concept and Definition

Apolipoprotein C-II is present primarily as a
component of chylomicrons, VLDL, and HDL, and it
functions on the surface of TG-rich lipoproteins as a
cofactor necessary for full activation of LPL; therefore,
congenital defect of this molecule causes an autosomal
recessive disease that manifests marked type I or type
V hyperlipoproteinemia similar to familial LPL defi-
ciency. The first case, reported in 1978, was a 58-year-
old man who had repeated episodes of acute pancre-
atitis accompanied by hyperchylomicronemia. The
condition was not alleviated by insulin therapy for
complicating diabetes, and the disease was identified
incidentally as it markedly responded to transfusion
performed as symptomatic therapy for anemia®?. Sim-
ilarly to LPL deficiency, consanguineous marriage is
often observed in the patient’s familial history, but the
prevalence of this disorder is estimated to be even low-
er than that of LPL deficiency, and only about 20
families with this disease have been reported world-
wide since it was discovered in Canada®? and Japan3?
in the 1970s.

b) Etiology

The disease is caused by abnormality of the hu-
man apolipoprotein C-II gene and occurs in homozy-
gotes who have inherited an abnormal apolipoprotein
C-II allele from both parents (including so-called
compound heterozygotes). It is inherited in an autoso-
mal recessive pattern with penetrance of 100%. The
human apolipoprotein C-II gene is located on the

short arm of chromosome 19 (19q13.2), contains 4
exons, and codes for a protein with a molecular weight
of 8,800, consisting of 79 amino acids>* 3.

¢) Clinical Symptoms

Since all clinical symptoms are secondary to hy-
perchylomicronemia, they are nearly identical to those
of LPL deficiency described above; however, as the ac-
tivation of LPL is partially independent of apolipopro-
tein C-1I, clinical symptoms are often slightly milder,
and, consequently, the diagnosis of the disease is often
made later than LPL deficiency. As the patients tend
not to be subjected to strict fat restriction from early
childhood, which is more common in LPL deficiency,
the incidence of acute pancreatitis has been reported
to be higher in adult patients® 39, and hyperchylomi-
cronemia is more often accompanied by a high VLDL
level. In heterozygotes, apolipoprotein C-1I is present
in blood at about 50% of the normal level, and no ab-
normality is usually observed in the serum lipid levels,
including TG.

d) Diagnosis

The diagnosis is based on demonstration of the
selective absence of, or a marked decrease in, apolipo-
protein C-1I on clinically practical laboratory tests of
serum apolipoproteins as well as clinical symptoms re-
sembling those of LPL deficiency. The diagnosis is fur-
ther supported by the presence of familial consanguin-
ity. If LPL activity can be measured, reduced LPL ac-
tivity in the patient’s serum can be promptly recovered
by the addition of normal human serum or purified
apolipoprotein C-II. This phenomenon was also not-
ed in the first reported Canadian patient, in whom
hypertriglyceridemia was markedly improved (reduced
from 1,750 to 196 mg/dl) immediately after transfu-
sion for the treatment of anemia®”. Another measure-
ment method using cow’s milk, which contains LPL
but lacks apolipoprotein C-II, is also known.

Many families known to have this disorder have
been analyzed at the gene level, and a wide variety of
mutations of the apolipoprotein C-II gene have been
identified, including 3 reported in Japanese patients® .
Differently from LPL deficiency, apolipoprotein C-II
is completely absent in many patients with this disor-
der due to splicing or nonsense mutation of the apoli-
poprotein C-1I gene, but there are rare cases in which
a low level of apolipoprotein C-1I with a structural de-
fect in the activation of LPL is detectable in the blood
of patients. Concerning other apolipoproteins, apoli-
poprotein C-II and E are increased, and A-1, A-II,
and B are reduced, reflecting an increase in chylomi-

crons and decreases in LDL and HDL.
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e) Treatment

The objective of treatment for this disorder is to
prevent the occurrence or exacerbation of pancreatitis,
so it is treated similarly to LPL deficiency. A major
difference from LPL deficiency is that serum TG can
be reduced rapidly by the transfusion of normal plas-
ma upon emergencies such as acute pancreatitis.

C) Patients Showing Inhibitors of or
Autoantibodies to LPL

Families showing inhibitors of LPL in blood have
been reported, and this trait is considered to be inher-
ited in an autosomal dominant pattern®; therefore, in
such patients, LPL activity is reportedly deficient only
in blood and is normal in tissues.

Also, Kihara er al. noted symptoms resembling
those of LPL deficiency in a young Japanese female
with a history of ITP and Graves™ disease, and report-
ed the presence of an IgA autoantibody that reacts
with both LPL and HTGL in her serum®.

D) Patients with a Mutation in the Gene for
GPIHBP1 or LMF1
GPIHBP!1 is a capillary endothelial protein that
provides a platform for LPL-mediated hydrolysis of
chylomicrons, and LMF1 plays a critical role in the
maturation of lipases including LPL. Recently, a few
patients with mutations in these genes have also been

reported to manifest type 1 hyperlipoproteinemia™©.

Type V Hyperlipoproteinemia

According to Fredrickson’s classification (WHO
classification), type V hyperlipoproteinemia is defined
as hyperlipoproteinemia accompanied by an increase
in VLDL as well as chylomicrons. In contrast to the
fact that type I hyperlipoproteinemia is mostly cate-
gorized as a condition caused by congenital abnormal-
ity of the LPL-apolipoprotein C-II system or a sec-
ondary abnormality due to marked deficiency of insu-
lin action, type V hyperlipoproteinemia is considered
to be a category that includes a wide range of patho-
logical conditions having both congenital (genetic)
and acquired (environmental) aspects and exhibiting
moderate to marked hypertriglyceridemia. Indeed,
upon close investigation of the patients’ families, some
members have been found to be hypertriglyceridemic,
while many patients are associated with secondary fac-
tors such as diabetes and drinking. Since type V hy-
petlipoproteinemia is much more prevalent than type
I, clinically encountered hyperchylomicronemia is
more often type V hypetlipoproteinemia. It is difficult
to accurately estimate the prevalence of type V hyper-

lipoproteinemia in the general population, but a sur-
vey of about 40,000 people by the Lipid Research
Clinic reported the frequency of individuals with a
plasma TG level of 2,000 mg/dl or higher to be about
0.018%2?. Chylomicrons may also be observed in the
blood in type Il hyperlipoproteinemia due to the in-
hibition of chylomicron catabolism.

Although there have been only a limited number
of studies in Japan, Murase et /. reported the results
of the evaluation of 120 Japanese with a serum TG
level 2 1,000 mg/dl (22 type 1 and 98 type V pa-
tients)” 4. A history of acute pancreatitis was ob-
served in about 17% of these patients, demonstrating
that hyperlipidemia is frequently complicated by pan-
creatitis also in Japanese, in whom the fat intake is
lower than in Western people, and stressing the im-
portance of its prevention and management. Accord-
ing to the cause of type I hyperlipoproteinemia, fa-
milial LPL deficiency was noted in 11, familial apoli-
poprotein C-1I deficiency in 3, and secondary type I
hyperlipoproteinemia such as diabetic lipemia in 8
(Table 2). Of the patients with type V hyperlipopro-
teinemia, the presence of underlying diseases or con-
tributing factors such as diabetes and drinking was
confirmed in about 2/3 but not in the remaining 1/3.
Many of the latter patients reportedly usually show
type IV hyperlipoproteinemia and have hypertriglycer-
idemia in the familial history.

Among congenital (genetic) abnormalities that
underlie type V hyperlipoproteinemia, (1) familial
combined hyperlipidemia (FCHL), which is accompa-
nied by increased apolipoprotein B and VLDL synthe-
sis and usually shows type IIb or IV hyperlipoprotein-
emia, (2) monogenic familial hypertriglyceridemia ac-
companied by increased TG synthesis and exhibiting
type IV hyperlipoproteinemia, and (3) heterozygosity
of LPL gene abnormalities or abnormal expression of
the LPL gene are considered important (Fig.2). Such
genetic abnormalities are considered to be present in a
few percent of the general population and usually cause
type IV hyperlipoproteinemia, some of which is con-
sidered to change to type V under the influence of en-
vironmental factors. Recently, apolipoprotein A-V was
shown to strengthen the interaction between apolipo-
protein C-II and LPL, suggesting that familial apoli-
poprotein A-V deficiency causes hyperchylomicrone-
mia“V. There have also been many reports that abnor-
malities of apolipoprotein E (E2 or E4) are involved
in the pathogenesis of type V hyperlipoproteinemia®.

While homozygous LPL deficiency can be easily
diagnosed, heterozygous LPL deficiency is difficult to
detect, because its phenotype may be very mild type
IV hypetlipoproteinemia alone or completely asymp-
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Table 2. Classification of hyperchylomicronemia according to the cause derived from data on 120 Japanese
patients with a serum TG level of 1,000 mg/dL or more

A. Hyperchylomicronemia due to abnormalities of the LPL-apolipoprotein C-1I system for hydrolysis of chylomicrons

Number of patients (males/females)
Primary hyperchylomicronemia
Familial LPL deficiency 11 (4/7)
Familial apolipoprotein C-II deficiency 3 (3/0)
Secondary hyperchylomicronemia
Diabetic lipemia 6 (4/2)
Hyperlipidemia due to acromegaly 2 (0/2)

B. Type V hyperlipoproteinemia of unknown cause or underlying disorders

Cause unknown (idiopathic) 33 (29/4)
Underlying disorders
Complicated by diabetes (drinking: none-light) 18 (15/3)
Heavy drinkingT Non-diabetic 29 (22/7)
Diabetic 11 (11/0)
Others® 7

"Heavy drinking: habitual drinking of 60 g/day or more of ethanol

$2: von Gierke disease, 1: Nelson syndrome, 1: Weber-Christian disease, 1: diabetes due to L-asparaginase, 2: suspect of an
LPL inhibitor

Cited from reference no. 40) Murase T: Guidelines for the Diagnosis and Treatment of Hypetlipidemia. (Bunkodo) 2005,
pp 100 (in Japanese)

Congenital (genetic) factors

1. Familial combined hyperlipidemia (FCHL)
Prevalence: 2-3%
2. Monogenic familial hypertriglyceridemia
Prevalence: 1-2 %
3. Heterozygous LPL gene abnormality t
Prevalence: 0.2%
4. Other genetic abnormalities {(abnormalities of apolipoproteins A-1V, A-V, and E)

-+

Acquired {environmental) factors

1. Diabetes {particularly type 2)
2. Drinking
3. Hormonal therapy (éstrogen, steroids), pregnancy

4. Drugs such as diuretics, B-blockers, Zoloft (SSRi-type antidepressant), isotretinoin (treatment for
acne), HIV protease inhibitor, etc.

5. Underlying disorders (diabetes, dysproteinemia), multiple myeloma, SLE, malignant lymphoma,
Nelson syndrome, Weber-Christian disease, etc.

Fig.2. Etiological factors underlying primary type V hyperlipoproteinemia

"Reported to be present in 10% of people in Western countries, but no mutation was noted in 100 Japa-
nese subjects with a TG level of 400-1,000 mg/dl examined by Arai et 2l ®.
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Table 3. Diagnostic criteria for primary hyperchylomicronemia (draft)

Primary hyperchylomicronemia

The presence of chylomicrons in the serum confirmed after fasting for 12 hours or longer (note) is called hyperchylomicronemia, which is

classified into the following 4 types.

Usually, the possibility of this disorder is high when the serum triglyceride level exceeds 1,000 mg/dl.

Note: The presence of chylomicrons can be confirmed by the appearrance of a supernatant cream layer after allowing serum to stand for 24

hours or longer at 4C. The detection of chylomicrons by ultracentrifugation or electrophoresis (agarose or polyacrylamide gel) also

contributes to the diagnosis.

1. Familial lipoprotein lipase (LPL) deficiency

(1) The absence of LPL activity in postheparin plasma, adipose tissue, or macrophages.

(2) Being a homozygote with a causative LPL gene mutation on both alleles.

(3) The presence of apolipoprotein C-II.

(4) The presence of clinical symptoms due to hyperchylomicronemia (acute pancreatitis, eruptive xanthoma, lipemia retinalis,

hepatosplenomegaly).
(5) The presence of consanguinity in the familial history.

(6) A marked decrease in LPL protein mass measured by ELISA for LPL.

Definitively diagnosed if (1) or (2) is established, and provisionally diagnosed if (3) is concurrent with (4), (5), or (6).

2. Familial apolipoprotein C-II deficiency
(1) The absence of plasma (serum) apolipoprotein C-1II.

(2) Being a homozygote with a causative apolipoprotein C-1I gene mutation on both alleles.

(3) The appearance of activity after the addition of apolipoprotein C-II or plasma from a normal subject.

(4) The presence of clinical symptoms due to hyperchylomicronemia (acute pancreatitis, eruptive xanthoma, lipemia retinalis,

hepatosplenomegaly).
(5) The presence of consanguinity in the familial history.

Definitively diagnosed if (1) or (2) is established, and provisionally diagnosed if (3) is concurrent with (4) or (5).

3. Primary type V hyperlipoproteinemia

(1) Demonstration of an increase in VLDL in addition to hyperchylomicronemia.
(2) The absence of LPL deficiency, apolipoprotein C-1I deficiency, or apolipoprotein E abnormality.

Definitively diagnosed if both (1) and (2) are fulfilled.

4. Idiopathic hyperchylomicronemia
Hyperchylomicronemia not in agreement with 1, 2, or 3 above.

For example, cases suggestive of the presence of an LPL inhibitor or autoantibody have been reported. More recently, a few cases of mutations

in the gene for GPTHBP1 or LMF1 have also been reported to manifest primary hyperchylomicronemia.

tomatic. In such heterozygotes, type IV-V hyperlipo-
proteinemia is often triggered by pregnancy, diabetes,
obesity, and excessive alcohol intake. Also, there are
patients with low LPL activity in families with com-
mon hyperlipidemia such as FCHL and familial hy-
pertriglyceridemia, and the possible involvement of
LPL gene abnormalities is attracting attention as a
background of these disorders. Such abnormalities in-
clude abnormal LPL gene expression. Indeed, the pos-
sibility that a single nucleotide polymorphism in the
promoter region, which impairs the binding of tran-
scription factor Oct-1 and reduces transcription activ-
ity to 15% or less, is related to FCHL and ischemic
heart disease has been suggested®?. Reports from West-
ern countries include a study in which LPL gene ab-

normalities were observed in 10% of patients with type
V hyperlipoproteinemia“¥, but Arai et al. found no
LPL gene mutations in any of 100 Japanese subjects
with a serum TG level of 400-1,000 mg/d! examined .

Generally, poor control of blood glucose in dia-
betic patients is the most frequent acquired stressor, but
drinking, estrogen, steroids, pregnancy, Zoloft (selec-
tive serotonin reuptake inhibitor type antidepressant),
isotretinoin (treatment for acne), diuretics, f3-block-
ers, HIV protease inhibitors, dysproteinemia, multiple
myeloma, SLE, malignant lymphoma, etc., have also
been reported. Since all clinical symptoms that accom-
pany hypertriglyceridemia are also reversible in type V
hyperlipoproteinemia, fundamental treatment involves
reducing the TG level. If there are strong genetic fac-

143 —



10 Gotoda et al.

tors such as in FCHL and homozygous familial hyper-
triglyceridemia, strict restriction of fat intake, such as
in type I hyperlipoproteinemia, may be necessary.
Since acquired environmental factors are usually pres-
ent in type V hyperlipoproteinemia, they must be
eliminated first. Among lipid-lowering drugs, fibrates,
nicotinic acid, and strong statins are indicated, but
caution against possible exacerbation of the glucose
tolerance is necessary in the treatment of diabetic pa-
tients with nicotinic acid. Also, as marked weight con-
trol in obese patients may induce severe hypertriglyc-
eridemia and acute pancreatitis associated with rebound
of the body weight, this risk must be considered.

Proposal of Diagnostic Criteria for Primary
Hyperchylomicronemia (Draft)

Lastly, against the background described above,
provisional diagnostic criteria for primary hyperchylo-
micronemia are presented (Table 3). Items related to
genetic diagnosis, which has become possible, and
those related to clinical symptoms and familial history
have been added to the diagnostic criteria proposed by
the Tarui Group?. Since no such diagnostic criteria or
management guidelines have been established any-
where in the world, further discussion and rigorous
evaluation are needed.
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Although the Japan Atherosclerosis Society guideline for the diagnosis and prevention of atheroscle-
rosis cardiovascular diseases for the Japanese population provides targets for low-density lipoprotein
(LDL) cholesterol, triglycerides, and high-density lipoprotein (HDL) cholesterol to prevent cardio-
vascular disease in patients with dyslipidemia, there is no guideline specifically targeting the treat-
ment of type IIb dyslipidemia, which is one of the most common types of dyslipidemia, along with
type Ila and type IV dyslipidemia. Type IIb dyslipidemia is important because it sometimes accom-
panies atherogenic lipid profiles, such as small, dense LDL, remnants, low HDL cholesterolemia. It is
also associated with type 2 diabetes mellitus, metabolic syndrome, and chronic kidney disease (CKD),
and most patients with familial combined hyperlipidemia (FCHL) show this phenotype; therefore, it
is assumed that patients with type IIb dyslipidemia have a high risk for cardiovascular disease. Thus,
the management of type IIb dyslipidemia is very important for the prevention of cardiovascular dis-
ease, so we have attempted to provide a guideline for the management of type IIb dyslipidemia.
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Table 1. Prevalence of type IIb dyslipidemia in 3 Japanese cohorts: NIPPON DATA90, Serum Lipid Survey in 2000, and Hisayama

study
NIPPON DATA90 Serum Lipid Survey Hisayama Study

men women men women men women
n 485 592 168 67 149 172
prevalence (%) 13.8 12.1 8.8 5.0 10.8 9.4
mean age * SD 51.0%12.3 58.9=11.4 47.8+10.1 57.9%11.2 56+11 62+10
BMI 25.0£2.9 245%3.1 253%2.8 24.9+3.4 24725 24.6%3.8
SBP (mmHg) 140.4+17.7 143.3+20.3 129.8+19.7 128.0+18.3 140.3+18.0 138.7+23.0
DBP (mmHg) 87.1x11.5 84.2+12.1 81.1%12.6 77.70%11.0 85.6+10.6 81.0%£13.3
HbAlc (%) 52+1.0 53%1.1 5.1%0.9 5.2+0.8 5.3%0.9 5.4%0.9
T-Cho (mg/dL) 249.0+27.5 254.7 +30.9 252.1%£24.2 255.5%31.0 246.1+32.2 248.5%34.1
TG (mg/dL) 269.7+150.9  235.8+104.4 272.5+221.2  190.3+48.4 288.9£223.6 214.0%£95.7
HDL-c (mg/dL) 44.4=13.1 44.8+13.0 47.0+£10.1 53.1+11.3 53.2%11.5 57.0£12.8
LDL-c (mg/dL) 150.7+34.0 158.8+32.4 163.3+20.8 164.4%24.7 135.1£50.3 148.8+34.6
non-HDL-c (mg/dL) 204.6£29.0 206.0+33.0 205.1+23.3 202.5+27.8 192.9+33.0 191.6%35.1
diabetes (%) 13.0 15.0 3.6 9.0 34.9 25.0
hypertension (%) 60.0 65.5 10.7 25.4 57.7 51.7
metabolic syndrome (%) 38.6 33.5 32.7 14.9 51.7 30.8
smoking (%) 68.0 6.6 55.4 7.5 443 9.3
coronary artery disease (%) 2.5 4.2 3.6 3.0 2.0 1.2
stroke (%) 1.7 2.0 1.2 0.0 2.0 1.2

ides. In Japan, hypercholesterolemia and hypertriglyc-
eridemia are defined as LDL cholesterol 2140 mg/dL
and triglycerides > 150 mg/dL, respectively”. Type IIb
dyslipidemia is frequently associated with type 2 dia-
betes mellitus, metabolic syndrome, and chronic kid-
ney disease (CKD)**. Among primary dyslipidemia,
familial combined hyperlipidemia (FCHL) often
shows this type of dyslipidemia®. Type IIb dyslipid-
emia is also associated with the development of small,
dense LDL, low high-density lipoprotein (HDL) cho-
lesterolemia along with high triglycerides and LDL
cholesterol. These features of small, dense LDL, low
HDL cholesterolemia, high triglycerides are called the
atherogenic lipid triad, implying their role in athero-
genesis.

Although many lines of evidence indicate that
LDL cholesterol is an important risk factor for cardio-
vascular disease (CVD)9, it is still controversial
whether plasma triglyceride levels are associated with
the development of cardiovascular disease; however,
recent reports have shown that plasma triglyceride lev-
els are an independent risk for coronary artery disease
(CAD)79. In addition, non-fasting triglyceride levels
have been shown to be associated with CAD and
stroke'" 2. In spite of the accumulating evidence
against LDL cholesterol and triglycerides, few reports
have addressed the effect of type IIb dyslipidemia on

cardiovascular disease. Therefore, considering that ele-
vated LDL cholesterol and triglyceride along with an
increase of atherogenic lipoproteins, such as small,
dense LDL and remnants, are found in type Ib dys-
lipidemia, and that this type of dyslipidemia is often
associated with type 2 diabetes, metabolic syndrome,
CKD, and FCHL, we should recognize that type IIb
dyslipidemia is a high-risk condition for CVD and
should establish a guideline for its management.

Epidemiology of Type IIb Dyslipidemia

To show the prevalence of type IIb dyslipidemia
in the Japanese population, we studied the prevalence
of type IIb dyslipidemia in three Japanese cohorts
(NIPPON DATA90, Serum Lipid Survey in 2000,
and the Hisayama study). NIPPON DATA90 is a
cohort study of the National Survey on Circulatory
Disorders of Japan, including the National Integrated
Project for Prospective Observation of Non-commu-
nicable Disease and Its Trends in the Aged (NIPPON
DATA)". Baseline surveys of this cohort were per-
formed in 1990. The Serum Lipid Level Survey 2000
was designed to produce representative data of serum
lipid levels in the civilian Japanese population in
20009, The total number of this cohort is 12,839.
The Hisayama study is a cohort study that started in
1961 in a small town near Fukuoka'®. Table 1 shows
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Table 2. Prevalence of type IIb dyslipidemia in each age group in the Serum Lipid Survey in 2000

age 30-39 40-49 50-59 60-69 70-79
gender men women men women men women men women men women
prevalence (%) 9.73 1.54 9.21 2.31 9.36 8.24 6.99 11.01 5.49 6.41

the prevalence in three different cohorts: NIPPON
DATA90, Serum Lipid Survey in 2000, and Hisayama
study (from The Research Committee report for Pri-
mary Hyperlipidemia, Research on Measures against
Intractable Diseases by the Ministry of Health, Labor,
and Welfare in 2007, http://mhlw-grants.niph.go.jp/
niph/search/NIDD00.do). The prevalence of type IIb
dyslipidemia in men was 8.8 to 13.8%, and 5.0 to
12.1% in women. In all cohorts, the prevalence of
type IIb dyslipidemia was higher in men than in
women. The mean age at onset of type IIb dyslipid-
emia was higher in women than in men in all cohorts,
indicating that women tend to develop type IIb dys-
lipidemia after menopause. In terms of the comorbidi-
ties, 3.6 to 34.9% of men had type 2 diabetes, while
9.0 to 25.0% of women had type 2 diabetes, showing
no significant difference between men and women in
the three cohorts; however, the prevalence of meta-
bolic syndrome in type IIb dyslipidemia was higher in
men (32.7 to 51.7%) than in women (14.9 to 33.5%).

Table 2 shows the prevalence of type IIb dyslip-
idemia in each age group of men and women accord-
ing to the data from the Serum Lipid Survey in 2000.
In men, the prevalence of type IIb dyslipidemia was
approximately 20%, similar from their 30s to 50s,
while in women, the prevalence was increased from
their 50s. In their 60s, the prevalence was higher in
women than in men.

Familial Combined Hyperlipidemia (FCHL)

FCHL, the most common genetic dyslipidemia
in man, affects 1%-2% of the population and occurs
in 10%-20% of premature myocardial-infarction sur-
vivors'® 1. Tt is believed that the primary metabolic
defect in FCHL leads to hepatic overproduction of
very-low-density lipoprotein (VLDL), resulting in ele-
vated plasma cholesterol and triglyceride levels; type II
b dyslipidemia. The existence of small, dense LDL
particles is another characteristic feature of FCHL,
and the combination of small, dense LDL with
increased triglycerides and apolipoprotein B (apoB)
concentrations and reduced HDL cholesterol levels is
termed “atherogenic lipid triad”. This atherogenic
lipid triad is independently associated with an

increased risk for CAD'®. Moreover, it has been sug-
gested that hyper-apoB, defined as an increased
apoB:LDL cholesterol (apoB:LDL-C) ratio, reflects
the presence of FCHL in affected individuals. Delayed
clearance of triglyceride-rich remnant particles, such
as intermediate density lipoproteins (IDL) and chylo-
micron remnants, leads to an increased residence time
of these atherogenic particles within the circulation®.
These changes also contribute to the insulin resistance
often accompanying FCHL. FCHL shares consider-
able phenotypic overlap with type 2 diabetes as well as
with metabolic syndrome, and therapeutic lifestyle
change is effective to decrease LDL cholesterol and tri-
glycerides in FCHL patients.

FCHL was first postulated to segregate as an auto-
somal dominant trait'”, but there is increasing evi-
dence that it is an oligogenic disorder with a complex
pattern of inheritance®” 2. FCHL family members
exhibit varying degrees of dyslipidemia with either iso-
lated high triglycerides, LDL cholesterol, or both,
which is another feature of FCHL. Several candidate
genes have been reported, such as upstream stimula-
tory factor 1 (USF1)?, apoA5??, Retinoid X recep-
tor-y 2, hepatic lipase??, and so forth.

The diagnostic criteria for FCHL in Japan are as
follows:

1) Increased levels of LDL cholesterol =140
mg/dL and/or triglycerides 2150 mg/dL (mainly type
b dyslipidemia, but sometimes type Ia or IV dyslip-
tdemia)

2) ApoB/LDL cholesterol ratio >1.0 and/or pres-
ence of small, dense LDL (LDL particle size <25.5
nm)

3) Rule out familial hypercholesterolemia and
secondary dyslipidemia, such as dyslipidemia accom-
panied with type 2 diabetes

4) Family history of dyslipidemia, such as Ia, IIb,
or IV 1)-4): definite FCHL, 1)-3): probable FCHL

Management of Type IIb Dyslipidemia

Treatment Goals

On the basis of large outcome trials with statins
and epidemiological data, the Japan Atherosclerosis
Society® guideline for the diagnosis and prevention
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Table 3. LDL-Cholesterol and non-HDL-Cholesterol Goals for Therapeutic Lifestyle Changes and Drug Therapy in Different

Risk Categories®?

treatment risk category goals (mg/dL)
Primary prevention improving coronary risk factors primary secondary HDL-C
lifestyle as the first line, followed other than LDL-C LDL-C non-HDL-C
by drug tt

v rig Therpy I (low) 0 <160 <190

1T (intermediate) 12 <140 <170
I (high) 3 or more <120 <150 >40

Secondary prevention improving past history of CAD <100 <130

lifestyle and drug therapy

of atherosclerosis cardiovascular diseases for the Japa-
nese population recommends reducing LDL choles-
terol to a goal according to the number of coronary
risks in patients with dyslipidemia®. Therefore, the
same goals should be applied to the patients with type
b dyslipidemia. In terms of the treatment goals for
triglycerides, the guideline recommends reducing
them to <150 mg/dL. In spite of the recommended
goal for triglycerides, there is no clear consensus on
the benefits of targeting hypertriglyceridemia. Because
type IIb dyslipidemia is associated with atherogenic
lipoprotein particles, such as remnants, IDL, small,
dense LDL, and non-HDL cholesterol levels are con-
sidered as secondary targets after the goal for LDL
cholesterol is achieved (Table 3)2?”. Non-HDL cho-
lesterol is calculated by subtracting HDL cholesterol
from total cholesterol. It thus includes not only cho-
lesterol from lipoprotein (a), LDL cholesterol, and
IDL- cholesterol, which are traditionally included in
the LDL cholesterol values calculated by the Friede-
wald formula, but also cholesterol from potentially
atherogenic triglyceride-rich lipoproteins, such as
VLDL remnants. Non-HDL cholesterol also has
advantages, because fasting or additional tests are not
required for the calculation. Several studies have
reported that the level of non-HDL cholesterol is a
better indicator of future cardiovascular events than
LDL cholesterol® ??. According to previous studies,
the goal for non-HDL cholesterol is set at 30 mg/dL
higher than that for LDL cholesterol. HDL choles-
terol levels >40 mg/dL are the tertiary goal. Among
all the lipid parameters, triglycerides are most respon-
sive to lifestyle interventions such as diet and exercise;
therefore, for the management of type Ib dyslipid-
emia we should begin with therapeutic lifestyle
changes and should treat type 2 diabetes, metabolic
syndrome, and CKD when dyslipidemia is caused by
these disorders. We should also treat hypothyroidism
or other disorders in cases of secondary dyslipidemia.

Therapeutic Lifestyle Changes

Therapeutic lifestyle changes, including those to
diet and exercise, constitute the cornerstone of man-
agement in patients with type Ib dyslipidemia.
Restriction of dietary cholesterol (less than 300
mg/day) and saturated fat, and increasing dietary fiber
and plant sterols can lower LDL cholesterol, and
restriction of alcohol, sugar, saturated fat and high
intake of omega-3 fatty acids can reduce serum tri-
glycerides®. Because weight reduction can further
lower LDL cholesterol and triglycerides and raise
HDL cholesterol levels, maximal improvement in dys-
lipidemia should be attempted with lifestyle interven-
tion before prescribing lipid-lowering medications.
For example, the total calorie intake should be approx-
imately 30 kcal x standard body weight (kg) and fat
intake should be 25 to 35% of the total calorie intake
in type IIb dyslipidemia®"3?.

Exercise, primarily aerobic exercise such as walk-
ing, is effective for the improvement of dyslipidemia.
Appropriate daily exercise should be performed for 30
min or longer per day and more than 3 times per
week. In obese patients, more daily exercise should be
recommended; however, there is a risk of musculoskel-
etal injuries during exercise, particularly if the person
is not used to exercise or has knee joint pain or back
pain; therefore, consideration should be given to the
physical fitness of the patient. In terms of the exercise
intensity, 11 to 13 according to Borg’s scale for the
rating of perceived exertion is recommended. The
details of therapeutic lifestyle changes are described in
the JAS guideline®?.

Drug Therapy
Statin Monotherapy

A number of clinical trials have demonstrated
that event reduction occurred in patients who had ele-
vated triglycerides as well as LDL cholesterol levels,
although all these studies were not specifically
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designed to examine the effect of statins in type Ib
dyslipidemia. Stronger statins, such as atorvastatin,
pitavastatin, and rosuvastatin can lower LDL choles-
terol more than so-called standard statins, such as
pravastatin, simvastatin, and fluvastatin. Greater tri-
glyceride-lowering effects can be obtained by stronger
statins; therefore, if the target LDL and non-HDL
cholesterol goals are not achieved by standard statins,
changing to stronger statins is a reasonable option.

Many studies have been performed to show the
effect of statins on cardiovascular disease. In the pri-
mary prevention West of Scotland Coronary Preven-
tion Study, for example, CAD event reduction with
pravastatin was 29% in hypercholesterolemic men
with triglyceride below the median of 148 mg/dL and
32% in those with triglycerides at or above the
median®?. In a post hoc analysis of the Scandinavian
Simvastatin Survival Study, the hypercholesterolemic
patients in the highest quartile for triglycerides (>159
mg/dL) and the lowest quartile for HDL cholesterol
(<39 mg/dL) had the greatest event reduction (52%)
by simvastatin treatment®. In the CARDS trial, ator-
vastatin caused a significant event reduction in the
subgroup of triglycerides >150 mg/dL, but not in the
group of triglycerides <150 mg/dL>?, while the Pro-
spective Pravastatin Pooling Project showed a non-sig-
nificant event reduction in the subgroup of triglycer-
ides >220 mg/dL?”. Overall, meta-analysis by Cho-
lesterol Treatment Trialist showed a significant event
reduction by statins in patients with triglycerides 124-
178 mg/dL and >178 mg/dL?¥; therefore, statin
monotherapy is recommended as the first-line therapy
in patients with type IIb dyslipidemia.

Fibrate Monotherapy

Fibrates can reduce triglycerides by 20% to 50%
and increase HDL cholesterol by 10% to 35%. Their
effect on LDL cholesterol is variable, yet fibrates can
increase the size of LDL particles. Although the clini-
cal data on fibrate therapy are less consistent than
those on statins, post-hoc analyses of fibrate trials have
demonstrated the greatest clinical benefit in patients
with combined dyslipidemia. In the Helsinki Heart
Study, cardiac events were reduced by 34% with gem-
fibrozil, yet in the high-risk subgroup defined by tri-
glycerides >205 mg/dL and LDL cholesterol/HDL
cholesterol ratio >5, cardiac events were reduced by
71% with gemfibrozil®®. Similarly, in the Bezafibrate
Infarction Prevention (BIP) study, the subgroup with
triglycerides 2200 mg/dL had a significant 39.5%
reduction in cardiac events, compared with a nonsig-
nificant 7.3% reduction in the study overall®®, In
these trials, LDL cholesterol was reduced only mod-

estly, whereas triglycerides were decreased by 35% and
21%, respectively, and HDL cholesterol was increased
by 8% and 18%, respectively.

The Fenofibrate Intervention and Event Lower-
ing in Diabetes (FIELD) study reported a nonsignifi-
cant 11% reduction in the primary endpoint of coro-
nary heart disease (CHD) events in type 2 diabetics
treated with fenofibrate (200 mg daily) compared
with those on a placebo; however, a significant reduc-
tion in total cardiovascular events was achieved with
fenofibrate therapy®”. Consistent with other fibrate
trials, the highest risk and greatest benefits of fenofi-
brate were seen among those with marked hypertri-
glyceridemia >203 mg/dL*?. In the FIELD trial,
fenofibrate was shown to decrease diabetic microangi-
opathy, such as nephropathy and retinopathy* *;
however, there was no benefit of fibrates for all-cause
mortality, cardiovascular mortality, sudden death, or
stroke.

Therefore, fibrate monotherapy is recommended
for patients with type IIb dyslipidemia, especially dia-
betic patients with microangiopathy. If target LDL
cholesterol and non-HDL cholesterol goals are not
achieved combination with ezetimibe, probucol, or
statin would be optional.

Niacin Monotherapy

Niacin can favorably modify all major lipid frac-
tions. It is the only lipid-lowering agent that decreases
lipoprotein (a), and is the most effective in increasing
HDL cholesterol. Niacin can reduce LDL cholesterol
by 5% to 25%, reduce triglycerides by 20% to 50%,
and increase HDL cholesterol by 15% to 35%; there-
fore, niacin monotherapy is a reasonable option for
type IIb dyslipidemia.

In the Coronary Drug Project, conducted in
patients with previous myocardial infarction, niacin
therapy at a dose of 3 g per day decreased total choles-
terol by 10% and triglycerides by 26% compared with
a placebo, and it decreased recurrent nonfatal myocar-
dial infarction by 27%.

However, these data were obtained by the once-
daily extended-release formula of niacin, which has
improved tolerability and hepatic safety compared
with the regular formula. Unfortunately, the once-
daily formula of niacin is not available in Japan. Fur-
ther, Japanese patients are generally less tolerable to
niacin than Caucasians, and the maximum dose of
niacin is 1.5 g per day. Hepatic toxicity, glucose intol-
erance, and an increase in uric acid should be carefully
monitored when niacin is used to treat patients with

type IIb dyslipidemia.
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Ezetimibe

Ezetimibe is a new option in the management of
type IIb dyslipidemia as monotherapy or in combina-
tion. Ezetimibe is a selective cholesterol absorption
inhibitor that preferentially blocks the absorption of
cholesterol, while not affecting triglycerides and fat-
soluble vitamins*¥. Although it has produced fair
reductions in LDL cholesterol as monotherapy (on
average 18%), it has also some favorable effects on tri-
glycerides (—17%) and HDL cholesterol (+17%) in
combined dyslipidemia. It also has important comple-
mentary effects in combination with statins and
fibrates®> %9, Ezetimibe added to statin therapy pro-
vided an additional 25% reduction in LDL cholesterol
and 11% reduction in triglycerides compared with a
placebo. Recent studies showed that ezetimibe could
ameliorate fatty liver and postprandial hyperlipid-
emia? 4¥; therefore, ezetimibe can be recommended
for type IIb dyslipidemic patients with fatty liver or
postprandial hyperlipidemia.

Statin-Fibrate Combination Therapy

Statin-fibrate combination has been shown to
provide benefits in patients with type IIb dyslipid-
emia. Several trials have examined the safety and effi-
cacy of combination therapy with statins and fibrates.
In a study of 389 patients with familial combined
hyperlipidemia randomized to receive pravastatin 20
mg plus gemfibrozil 1,200 mg, or simvastatin 20 mg
plus gemfibrozil 1,200 mg, LDL cholesterol was
decreased by 35% and 39%, triglycerides was
decreased by 48% and 54%, and HDL cholesterol was
increased by 14% and 25%, respectively®”. In a more
recent study conducted in 120 patients with type 2
diabetes mellitus and combined hyperlipidemia, the
combination of atorvastatin 20 mg and fenofibrate
200 mg decreased LDL cholesterol by 46%, triglycer-
ides by 50%, and increased HDL cholesterol by
22%%%. The Fluvastatin Alone and in Combination
Treatment (FACT) study was a multicenter, prospec-
tive, double-blind study of 333 patients with CAD
and combined dyslipidemia. The combination of fluv-
astatin 40 mg plus bezafibrate 400 mg was very effec-
tive for all lipid parameters, decreasing LDL choles-
terol by 24% and triglycerides by 38% and increasing
HDL cholesterol by 22%°V.

Action to Control Cardiovascular Risk in Diabe-
tes (ACCORD) was designed to address the effect of
add-on therapy of fenofibrate to simvastatin in type 2
diabetes patients; however, the combination of fenofi-
brate and simvastatin did not reduce the rate of fatal
cardiovascular events, nonfatal myocardial infarction, or
nonfatal stroke, as compared with simvastatin alone?.

Therefore, the routine use of combination therapy
with fenofibrate and simvastatin to reduce cardiovas-
cular risk in the majority of high-risk patients with
type 2 diabetes is not recommended. In subgroup
analysis of the ACCORD trial, patients with high tri-
glycerides (>204 mg/dL) and low HDL cholesterol
(<34 mg/dL) had a significant event reduction by
fenofibrate; thus this combination regimen is only rec-
ommended in type Ib dyslipidemia with low HDL
cholesterolemia.

Thus, in spite of its powerful lipid-lowering
effects, combination therapy with statins and fibrates
requires careful selection and monitoring of patients.
Because of the potential increased risk for myopathy
with the statin-fibrate combination, patients with
muscle symptoms may be advised to halt therapy
immediately. If creatinine kinase is markedly elevated,
assessment of renal function and serum potassium is
required along with increased fluid intake to prevent
acute renal failure associated with rhabdomyolysis.

Statin-Niacin Combination

The combination of statins with niacin can be an
option because both have excellent outcomes of
improving cardiovascular disease. In a review of 9 clin-
ical trials of combination therapy with statins plus
niacin, LDL cholesterol was reduced by 25% to 57%
and HDL cholesterol was increased by 13% to 36%°?.
Fluvastatin 20 mg per day plus niacin 3 g per day has
been reported to reduce lipoprotein (a) levels by 37%°%,
and pravastatin 20 mg per day plus niacin 3 g per day
was reported to decrease levels of small, dense LDL by
43%.

Combination therapy was also studied in the
HDL-Atherosclerosis Treatment Study, in which simv-
astatin plus niacin significantly reduced the risk for a
composite cardiovascular endpoint by 90% compared
with a placebo®®. Further, patients with coronary dis-
ease, normal LDL cholesterol levels, and low HDL
cholesterol levels were treated with simvastatin plus
niacin for three years. As a result, the rate of major
clinical events was 90% lower in the combination
group than in the placebo group. Further, the Athero-
thrombosis Intervention in Metabolic Syndrome with
Low HDL/High Triglycerides and Impact on Global
Health Outcomes (AIM-HIGH) study is on-going to
investigate the effect of combination therapy of niacin
and statin on cardiovascular event reduction; however,
as described for niacin monotherapy, treatment with
niacin should proceed with caution.

Statin-Eicosapentaenoic Acid Combination Therapy
Epidemiological and clinical evidence has consis-
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tently demonstrated the triglyceride-lowering effect of
eicosapentaenoic acid (EPA)*”. At doses of 1.8 g per
day, EPA reduces triglyceride levels by approximately
20%. The triglyceride-lowering effect is believed to be
primarily the result of a reduction in hepatic triglycer-
ide synthesis and hence diminished secretion of tri-
glyceride-rich lipoproteins from the liver into the cir-
culation. Observational and clinical trial data suggest
that omega-3 fatty acid can reduce the risk of CAD-
related death and reduce nonfatal coronary events®* .

Few intervention studies have reported the com-
bination of statin and EPA. The Japan Eicosapentae-
noic Acid Lipid Intervention Study (JELIS) was
designed to study the effects of EPA on major coro-
nary events in patients with hypercholesterolemia®’. A
total of 18,645 patients were randomized to receive
either 1.8 g EPA plus statin or statin alone. A 19%
relative reduction of the primary endpoint of major
coronary events was shown in the study conducted in
Japan. The mean triglyceride levels were 154 mg/dL
in the EPA plus statin arm and 153 mg/dL in the
statin arm, indicating that this study cohort included
a significant number of patients with type IIb dyslip-
idemia. In this study, triglyceride levels were signifi-
cantly decreased by 9% from baseline in the EPA
group and by 4% in controls (»<<0.0001 between
groups). A greatest reduction of coronary events by
EPA was found in secondary prevention; however, the
OMEGA study did not support the effect of omega-3
fatty acids on cardiovascular events in secondary pre-
vention®. Therefore, the potential of omega-3 fatty
acids may vary, depending on individual clinical con-
ditions. Currently, the JAS guideline recommends
adding EPA for statin-treated high-risk patients and
statin-EPA combination would be an option for
patients with type IIb dyslipidemia.

Conclusions

Type IIb dyslipidemia is often associated with
type 2 diabetes, metabolic syndrome, CKD, and
FCHL, and atherogenic lipoproteins, such as small,
dense LDL, remnants, and IDL; therefore, patients
with this type of dyslipidemia have a high risk for
CAD and need risk management, including hyperten-
sion, diabetes, and so forth. Data from prospective
epidemiological as well as interventional studies indi-
cate that a significant proportion of high-risk patients
may benefit not only from LDL cholesterol lowering,
but also from treatment of other lipid parameters,
such as non-HDL cholesterol, triglycerides, and HDL
cholesterol. Achievement of LDL cholesterol and non-
HDL cholesterol targets in patients with type Ib dys-

lipidemia sometimes requires either higher doses of
statins or increased use of combination therapy. Opti-
mal management requires a targeted strategy to cor-
rect the underlying lipid abnormalities to reduce the
risk for CAD events, while minimizing adverse effects.
Future clinical trials are needed to determine both the
risks and benefits of monotherapy versus combination
regimens for the treatment of patients with type Ib
dyslipidemia.
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Background—Autosomal recessive hypercholesterolemia (ARH) exhibits different responsiveness to statins compared
with that in homozygous familial hypercholesterolemia (FH). However, few data exist regarding lipoprotein metabolism
of ARH. Therefore, we aimed to clarify lipoprotein metabolism, especially the remnant lipoprotein fractions of ARH
before and after statin therapy.

Methods and Results—We performed a lipoprotein kinetic study in an ARH patient and 7 normal control subjects, using
stable isotope methodology (10 mg/kg of [*Hj]-leucine). These studies were performed at baseline and after the 20 mg
daily dose of atorvastatin. Tracer/tracee ratio of apolipoprotein B (apoB) was determined by gas chromatography/mass
spectrometry and fractional catabolic rates (FCR) were determined by multicompartmental modeling, including remnant
lipoprotein fractions. FCR of low-density lipoprotein (LLDL) apoB of ARH was significantly lower than those of control
subjects (0.109 versus 0.4500.122 1/day). In contrast, the direct removal of very-low-density lipoprotein remnant was
significantly greater in ARH than those in control subjects (47.5 versus 2+2%). Interestingly, FCR of LDL apoB in
ARH dramatically increased to 0.464 1/day, accompanying reduction of LDL cholesterol levels from 8.63 to
4.22 mmol/L after treatment with atorvastatin of 20 mg/d for 3 months.

Conclusions—These results demonstrate that ARH exhibits decreased LDL clearance associated with decreased FCR of DL
apoB and increased clearance for very-low-density lipoprotein remnant. We suggest that increased clearance of remnant
lipoprotein fractions could contribute to the great responsiveness to statins, providing new insights into the lipoprotein
metabolism of ARH and the novel pharmacological target for LDLRAPI. (Circ Cardiovasc Genet. 2012;5:35-41.)
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amilial hypercholesterolemia (FH) is a common inherited function.? Subsequently, Garcia et al* showed that this disor-
disorder of plasma lipoprotein metabolism, characterized der was caused by a recessive form of null mutations in the
by an elevated level of low-density lipoprotein cholesterol LDLR adaptor protein 1 (LDLRAPI).
(LDL-C), tendon xanthomas, and premature coronary artery
disease.! Genetic causes of FH involve gene mutations such
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as LDL receptor (LDLR), apolipoprotein B-100 (apoB-100), Since then, evidence has been accumulating that it was not
and proprotein convertase subtilisin/kexin type 9 (PCSK9).2 linked to mutations in the LDLR gene.>¢ The N-terminal
In contrast, there was a report of autosomal recessive inher- domain of LDLRAP1 contains a phosphotyrosine-binding
ited cases, who showed elevation of LDL-C, large xantho- (PTB) domain, which binds to the internalization sequence
mas, and premature coronary artery disease typical of ho- (FDNPVY) in the cytoplasmic tail of the LDLR.” LDLRAP1
mozygous FH but in whom the fibroblasts had normal LDLR protein serves as an adaptor for LDLR endocytosis in the liver
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