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ABSTRACT

Background: Autosomal recessive hypercholesterolemia (ARH) is an extremely rare inherited hyperc-
holesterolemia, the cause of which is mutations in low-density lipoprotein (LDL) receptor adaptor protein
1 (LDLRAP1) gene.

Methods: A total of 146 heterozygous familial hypercholesterolemic (FH) patients with a mutation in
LDLR gene were screened for genes encoding proprotein convertase subtilisin/kexin type 9 (PCSK9) and
LDLRAP1.

Results: Among the 146 subjects, we identified a 79-year-old Japanese female with double mutations in
LDLR gene (c.2431A>T) and LDLRAP1 gene (c.606dup). Two other relatives with double mutations in
those genes in her family were also identified. Although the proband exhibited massive Achilles tendon
xanthoma and coronary and aortic valvular disease, serum LDL-C level of subjects with double mutations
was similar with that of subjects with single LDLR mutation (284.0 +-43.5 versus 265.1 +57.4mg/dl).
Conclusion: Additional mutation in LDLRAP1 may account for severer phenotype in terms of xanthoma
and atherosclerotic cardiovascular disease in FH patients.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Familial hypercholesterolemia (FH)is an inherited disease char-
acterized by the triad of (1) hypercholesterolemia due to a high
level of plasma LDL, (2) tendon xanthomas and (3) premature coro-
nary artery disease [1]. Patients with homozygous FH have been
defined as who have two mutant alleles of either of three following
FH-associated genes: LDLR, apolipoprotein B (ApoB) gene and pro-
protein convertase subtilisin/kexin type 9 (PCSK9) [2]. Previously,
we identified several homozygous FH patients who possessed
double heterozygous mutations in LDLR gene and PCSK9 gene in
relatively mild phenotypic patients compared with those with dou-
ble mutations in LDLR gene [3]. In addition to autosomal dominant
types of FH, recessive form of FH-associated gene was identified in
1992 [4]. The null mutations in the LDL receptor adaptor protein
1 (LDLRAP1) gene, which serves as an adaptor for LDLR endocyto-
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sis in the liver, causes autosomal recessive hypercholesterolemia
(ARH) [5]. It is described that several heterozygous LDLRAP1 muta-
tion carrier showed elevated LDL-C levels [6,7]. However, there is
no data on clinical significance of adding a mutation in LDLRAP1
gene onto single LDLR gene mutation.

2. Methods
2.1. Study subjects

This study was approved by the Ethics Committee of Gradu-
ate School of Medical Science, Kanazawa University, and all study
subjects gave their written informed consent to participate. We
examined consecutive unrelated 146 subjects with a single muta-
tion in the LDLR gene (male=96, mean age=56.5416.0, mean
LDL-C=265.6 +57.7 mg/dl) since 2003 to 2008. All the participants
were free from unstable or acute cardiovascular diseases. All the
lipid-lowering therapy had been transiently suspended for one to
three months to diagnose lipid disorders correctly. Although it has
been described the existence of the rebound effect after transient
suspension of statin therapy [8], it is also reported that short-
term suspension of statins is safe for at least patients with stable
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Table 1

Characteristics of the screened FH subjects.
Age (year) 56.5+16.0
Sex (male/female) 96/50
BMI (kg/m?) 232438
ATT (mm) 12.5+£3.5
TC (mg/dl) 330.1+£43.1
TG (mg/dI) 114.6+35.1
HDL-C (mg/dl) 423487
LDL-C (mg/dl) 265.6+57.7
ApoA-I (mg/dl) 121.8+294
ApoB (mg/dl) 189.6+25.8

Values are mean=+SD.

cardiovascular disease [9]. Complications related to this short-term
suspension of lipid-lowering therapy have not been observed so far
in our institute. The characteristics of the study subjects were listed
in Table 1 and Supplementary Table S1.

2.2. Biochemical analysis

Serum concentrations of total cholesterol (TC), triglyceride
(TG), and high-density lipoprotein cholesterol (HDL-C) were deter-
mined enzymatically. LDL-C concentrations were derived using the
Friedewald formula. Apolipoprotein E (ApoE) phenotype was sep-
arated by isoelectric focusing and detected by Western blot with
apoE polyclonal antibody (phenotyping apoE IEF system, JOKOH,
Tokyo, Japan). Plasma cholesteryl ester transfer protein (CETP) lev-
els were determined by a specific ELISA [10].

2.3. Genetic analysis

Genomic DNA was isolated from peripheral blood white blood
cells according to standard procedures and was used for PCR.
Primers for the study were as used previously [3,11]; PCR products
were purified by Microcon (Millipore Corp., Bedford, MA) and used
as templates for direct sequencing. DNA sequencing was carried
out according to the manufacturer’s instructions using a dye ter-
minator method (ABI PRISM™ 310 Genetic Analyzer (PerkinElmer
Biosystems, Waltham, MA). We screened the study subjects for
all coding region of PCSK9 and LDLRAP1 genes as candidate genes
that could affect their lipid profile and clinical phenotype. In addi-
tion, we analyzed the two common mutations of the CETP gene
(c.1321+1G>A, previously described as Int14A and c.1376A>G,
previously described as D442G) among Japanese population as pre-
viously described [12].

H. Tada et al. / Atherosclerosis 219 (2011) 663-666

3. Results
3.1. Biochemical analysis

Serum lipids and apolipoproteins in the proband and her pedi-
gree are presented in Table 2.

3.2. Sequence of LDLR gene

Mutation in LDLR gene of the proband (c.2431A>T) was one
of the most common mutations in Japan [13] (Supplementary Fig.
S1A).

3.3. Sequence analysis of candidate genes for inherited
hypercholesterolemia

Although there was no genetic abnormality in her PCSK9 gene,
we identified another heterozygous mutation in her LDLRAP1 gene
(c.606dup, Supplementary Fig. S1B).

3.4. Clinical course of the proband

At the age of 67, she was diagnosed as FH due to severe hyper-
cholesterolemia with Achilles’ tendon thickness (Supplementary
Fig.S2).Initial levels of TC, TG, and HDL-C concentrations were 367,
108, and 46 mg/dl, respectively under statin therapy (pravastatin
20 mg daily). She underwent coronary artery bypass graft surgery at
the age of 70 due to angina pectoris. The more intensive cholesterol
lowering therapy using atorvastatin 20 mg daily was introduced for
secondary prevention of cardiovascular disease. She was referred to
our hospital for further examination of her hypercholesterolemia
and coronary artery disease at the age of 78. Although her coronary
atherosclerosis including bypass grafts did not progress substan-
tially during 8 years (Supplementary Fig. S3), severe aortic valve
stenosis developed causing her chest pain (Supplementary Fig. S4).
Although aortic valve replacement surgery was recommended, she
refused due to potential complications derived from extreme high
age (Fig. 1).

3.5. Family study

Family study was performed as intensively as possible to find
another family member with LDLR or LDLRAP1 mutation. We iden-
tified two other relatives with double mutations, and one obligate
carrier who died suddenly probably due to cardiac event in his
forties (Fig. 2).

Table 2

Clinical data of the pedigree.
Subject (gender) I-1 (female) 1I-1 (male) 1I-2 (male) 111-1 (female) V-1 (male) V-2 (male)
LDLR genotype W/M1 W/wW W/iM1 W/M1 W/W W/M1
LDLRAP1 genotype W/M2 WiwW wW/M2 W/M2 W/wW WiwW
Age (year) 79 51 45 32 3 2
ATT (mm) 24 n.d. n.d. 13 n.d. nd.
TC (mg/dl) 393 224 365 392 166 286
TG (mg/dl) 165 46 63 60 39 92
HDL-C (mg/dl) 42 97 96 61 59 62
LDL-C (mg/dl) 318 118 235 299 99 205
ApoA-I (mg/dl) 114 n.d. n.d. 136 136 141
ApoB (mg/dl) 232 n.d. n.d. 174 68 129
ApoE phenotype 3/3 3/3 3/3 3/3 3/3 3/3
CETP (pg/ml) 42 2.0 32 2.6 n.d. n.d.

LDLR genotype: W=wild type, M1=c.2431A>T; LDLRAP1 genotype: W=wild type, M2 =c.606dup.
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Fig. 1. Clinical course of the proband. Plasma concentration of the total cholesterol
(solid circle), triglyceride (open circle), and HDL-C (open triangle) in the proband,
and the major clinical events were illustrated. CABG; coronary artery bypass graft-
ing, VF; ventricular fibrillation.

3.6. Genetic analysis for CETP gene

There was no carrier for both of common CETP gene mutation
in this family.

4. Discussion

Patients with homozygous FH have two mutant alleles of either
of three FH-associated genes (FH genes), namely LDLR, apolipopro-
tein B-100 and PCSK9 genes. In addition to those dominant form
inherited gene mutation recessive form of null mutations in
LDLRAP1 gene also causes FH (autosomal recessive hypercholes-
terolemia:ARH). There are few published data about the clinical
characteristics of LDLRAP1 heterozygous mutation carriers because

of rarity of this disorder. Previously, we have shown that ¢.606dup
mutation carriers in LDLRAP1 gene had elevated LDL-C concentra-
tions compared with non-carrier family members [14], suggesting
that “autosomal recessive hypercholesterolemia” is not necessarily
a correct term.

In this paper, we report the first family which exhibit double
mutations in LDLR and LDLRAP1 gene with severe xanthomas and
coronary artery disease as well as the episode of ventricular fibril-
lation due to aortic valve stenosis. Besides the proband, we found
two other relatives in her family with the same double mutations
in LDLR and LDLRAP1 gene.

Some of the pedigrees, including double mutation carriers
exhibit relatively high HDL-C level. Previously, we reported that
the CETP gene mutations causing higher HDL-C levels are com-
mon in Japan [12]. However, there was no carrier of two common
CETP gene mutations (c.1321+1G>A and c.1376A > G) among this
family member. The plasma levels of CETP of this family member
were within normal limit, suggesting absence of CETP deficiency.
It has been reported that the causes of high HDL-C level were
quite heterogeneous [15]. Thus, we cannot exclude the possibil-
ity that unknown genetic factors may be involved in their high
HDL-C levels. Another possibility of higher HDL-C is their exces-
sive alcohol drinking. The pedigrees whose HDL-C levels were
more than 90mg/dl (II-1 and II-2) were both heavy drinkers
(ethanol > 120 g/day).

In conclusion, we report the first family with double mutation
in LDLR and LDLRAP1 genes associated with autosomal dominant
and recessive form of hypercholesterolemia. Although the proband
exhibited massive Achilles tendon xanthoma and severe coronary
and aortic valvular disease, serum LDL-C level of subjects with
double mutations was similar with that of subjects with single
LDLR mutation. We suggest that an additional mutation in LDL-
RAP1 may account for severer phenotype in terms of xanthoma
and atherosclerotic cardiovascular disease in FH patients.
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Fig. 2. Pedigree of the proband. Half-filled by black squares or circles indicate the heterozygous mutation carrier in LDLR (c.2431A > T). Half-filled by brown squares or circles
indicate the heterozygous mutation carrier in LDLRAP1 (c.606dup). Square with a dot indicates the obligate carrier. Open squares or circles indicate unaffected subjects.

Hatched squares or circles indicate the genetically unknown subjects.
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ABSTRACT

Objective: Proprotein convertase subtilisin/kexin type 9 (PCSK9) regulates cholesterol trafficking by medi-
ating degradation of cell-surface LDL receptors (LDLR). Gain-of-function PCSK9 mutations are known to
increase plasma LDL-C levels. We attempted to find gain-of-function PCSK9 mutations in Japanese sub-
jects and determine the frequency and impacts of these mutations, especially on circulating PCSK9 and
LDL-C levels.
Methods: PCR-SSCP followed by direct sequence analysis was performed for all 12 exons and intronic
junctions of the PCSK9 in 55 subjects with clinically diagnosed familial hypercholesterolaemia (clinical-
FH), who were confirmed to have no LDLR mutations. Among the mutations detected, PCSK9 E32K was
likely to be a gain-of-function mutation, and screening was performed by PCR-RFLP in clinical-FH and
general Japanese controls. The levels of PCSK9 in plasma from subjects and in media of HepG2 cells
transfected with PCSK9 constructs were measured by ELISA.
Results: We detected 7 PCSK9 variants, including E32K. The frequency of PCSK9 E32K in clinical-FH (6.42%)
was significantly higher than that in controls (1.71%). Three cases representing homozygous FH pheno-
types were double heterozygous for PCSK9 E32K and LDLR C183S, €292X or K790X. Two cases were true
homozygous for PCSK9 E32K; to our knowledge, these are the first true homozygotes for gain-of-function
PCSK9 mutations reported to date. The PCSK9 E32K mutant had over 30% increased levels of PCSK9 in
plasma from the subjects and in media of transiently transfected HepG2 cells as compared with those
in controls. Furthermore, LDL-C levels in the PCSK9 E32K true homozygotes and heterozygotes were
2.10- and 1.47-fold higher than those in controls with comparable circulating PCSK9 levels, respectively,
suggesting enhanced function of PCSK9 E32K.
Conclusions: We found 2 true homozygotes for PCSK9 E32K and 3 double heterozygotes for PCSK9 E32K
and LDLR mutations associated with autosomal dominant hypercholesterolaemia. This study provided
evidence that PCSK9 E32K significantly affects LDL-C levels via increased mass and function of PCSK9, and
could exacerbate the clinical phenotypes of patients carrying LDLR mutations.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

tions that increase the degradation of LDLR are referred
to as gain-of-function mutations and cause autosomal dom-

Proprotein convertase subtilisin/kexin type 9 (PCSK9) is the
ninth member of the subtilisin-like serine convertase super-
family [1,2]. PCSK9 regulates plasma levels of LDL-cholesterol
(LDL-C) by directing cell-surface LDL receptors (LDLR) to the
lysosomes for degradation, resulting in reduced clearance and
accumulation of LDL-C in the circulation [3]. PCSK9 muta-
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inant hypercholesterolaemia (ADH) and premature coronary
artery disease (CAD) [4]. Conversely, loss-of-function muta-
tions in PCSK9, which decrease LDLR degradation, are associ-
ated with hypocholesterolaemia and less frequencies of CAD
[5,6].

In the Japanese population, 60-70% of cases of ADH are caused
by LDLR mutation, and no apolipoprotein B mutations have been
identified to date [7,8]. Thus, gain-of-function PCSK9 mutations
could explain a part of the remaining 30% of ADH cases in the
Japanese population.
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The only known function of PCSK9 as a convertase is in auto-
catalytic processing at the VFAQ152|SIP site [2], and unlike the
other proprotein convertases, PCSK9 does not appear to undergo a
second cleavage event to release an active convertase [9,10]. The
prodomain of PCSK9, which binds non-covalently to the mature
convertase, acts as a chaperone to assist the folding of the mature
convertase and also blocks access to the catalytic site of the mature
convertase [1]. It is suggested from these mechanisms that muta-
tions in the prodomain of PCSK9 can markedly affect the function
of PCSK9; in fact, many gain-of-function mutations and loss-of-
function mutations in the prodomain region have been reported
with almost the same frequency as those in the catalytic domain
and C-terminal region [11-13].

Enzyme-linked immunoassays for measuring plasma PCSK9
have been established recently, and circulating levels of PCSK9
as well as sequence variations in PCSK9 have been shown to
affect plasma levels of LDL-C [4,14]. However, the relationship
between mutations and circulating PCSK9 levels in vivo has not
been fully elucidated [15,16]. Characterisation of the effects of nat-
urally occurring gain-of-function mutations in PCSK9 on circulating
PCSK9 and LDL-C levels may provide important insight into the
mechanism by which PCSK9 degrades LDLR.

In this study, we identified a gain-of-function PCSK9 muta-
tion in the prodomain region and clarified their lipid profiles and
circulating PCSK9 levels in comparison to LDLR mutation heterozy-
gotes. We also present data on gain-of-function PCSK9 mutation
true homozygotes and double heterozygotes with LDLR muta-
tions, providing meaningful perspectives regarding the function of
PCSKO.

2. Materials and methods
2.1. Subjects

In this study, we analysed 514 unrelated patients with clinically
diagnosed familial hypercholesterolaemia (clinical-FH) attending
the lipid clinic of Kanazawa University Hospital or the affiliated
clinics in the Hokuriku district and 351 general Japanese men
attending the medical clinic for their annual health examinationsin
the same district as controls. The diagnosis of FH was made accord-
ing to the following criteria: (1) primary hypercholesterolaemia
(total cholesterol above 230mg/dL) with tendon xanthomas or
(2) primary hypercholesterolaemia with and without tendon xan-
thomas in first-degree relatives of hypercholesterolaemic patients
[17].

Screening was performed in the 514 subjects with clinical-FH,
and 262 (51.0%) were confirmed to have mutations in LDLR. The
two most common LDLR mutations were c.2431A>T mutation in
exon 17 (K790X, 16.8%) and ¢.2312-3C>A mutation in the splice
acceptor region of intron 15 (IVS15-3C/A, 4.5%). Of the remaining
252 subjects whose mutations were unidentified, 55 subjects were
randomly assigned to a PCSK9 mutation screening study to detect
gain-of-function PCSK9 mutations. Among the sequence variations
detected, the relatively common ¢.94G>A variant (E32K) in the
prodomain region of PCSK9 was likely to be a gain-of-function
mutation, and a larger scale screening was performed by restric-
tion fragment length polymorphism (RFLP) in 514 clinical-FH and
351 general Japanese controls to determine the frequency of the
PCSK9 E32K variant. Relatives of PCSK9 E32K carriers were further
screened for PCSK9 E32K and LDLR mutations.

2.2. Lipids and PCSK9 measurements

Serum total cholesterol (TC), triglyceride (TG) and HDL-
cholesterol (HDL-C) concentrations were determined at accredited

clinical laboratories using routine clinical methods. LDL-cholesterol
(LDL-C) concentrations were calculated using the Friedewald
equation as there were no subjects with serum triglycerides
>400 mg/dL in the present study population. To distinguish the
effects of gene mutations on circulating PCSK9 and LDL-C levels,
plasma PCSK9 concentrations were determined using an enzyme-
linked immunosorbent assay (ELISA) kit targeting human PCSK9
(Cyclex, Nagano, Japan) in 2 PCSK9 E32K true homozygotes,
15 PCSK9 E32K heterozygotes, 30 LDLR mutation heterozygotes
(20 K790X and 10 1VS15-3C/A) and 20 control subjects. Lipid
profile analysis and PCSK9 ELISA were performed using fast-
ing blood samples collected when subjects were not taking any
lipid-lowering drugs. Written informed consent was obtained
from each of the subjects prior to participation in the study.
The study protocol was approved by the Ethics Committee
of the Graduate School of Medical Science, Kanazawa Univer-
sity.

2.3. DNA analysis

Genomic DNA was prepared from white blood cells using a
Genomic DNA Purification Kit (Gentra Systems, Minneapolis, MN,
USA). Primers covering all of the exons and exon-intron bound-
ary sequence of LDLR and PCSK9 were designed using Primer3
online software (http://frodo.wi.mit.edu/). LDLR mutations were
identified using the Invader assay method (Third Wave Technolo-
gies, Inc., Madison, W1, USA) for 32 point mutations previously
identified in Japan, the multiplex ligation-dependent probe ampli-
fication (MLPA) method for large rearrangements using a PO62B
LDLR MLPA kit (MRC Holland, Amsterdam, Netherlands) and DNA
sequencing method using a BigDye Terminator v3.1 Cycle Sequenc-
ing Kit (Applied Biosystems, Foster City, CA, USA) for the other
mutations. MLPA and direct sequencing were performed on an
ABI PRISM 310 Genetic Analyzer (Applied Biosystems). Muta-
tions in PCSK9 were detected by polymerase chain reaction (PCR)
single-strand conformational polymorphism (SSCP) followed by
direct sequence analysis. SSCP analysis was performed as described
previously [18]. PCSK9 E32K mutation in exon 1 of the PCSK9
gene was determined using a PCR-RFLP method with primers 5'-
TGAACTTCAGCTCCTGCACA-3’ and 5'-AACGCAAGGCTAGCACCA-3'.
PCR products were digested at 37°C overnight with 1U of the
restriction enzyme Bsll (New England Biolabs, Ipswich, MA, USA).
RFLP assay was designed such that the normal PCSK9 sequence
would be cut twice to generate fragments of 34, 49 and 171 bp and
the E32K sequence would be cleaved once to generate fragments
of 34 and 220bp, to check that the restriction enzyme was digest-
ing properly. PCR conditions for SSCP, RFLP and DNA sequencing
were as follows. Each 25-mL reaction mixture contained 60 ng of
DNA, 10 pmol of each primer, 0.25 mM of each dNTP and 1U Taq
polymerase (Biotech International, Perth, Australia) in PCR buffer
containing 1.5 mM MgCl,. Cycling conditions were 95 °C for 5 min
followed by 5 cycles of step-down PCR consisting of 95°C for 55,
annealing temperature +5 °C for 30 s (decrease 1°C each cycle) and
72°C for 1 min, then 30 cycles of 95°C for 55, annealing tempera-
ture for 30 s and 72 °C for 1 min, with a final extension for 5 min at
72°C.

2.4. Invitro expression of PCSK9

The WT-PCSK9 plasmid (pCMV-PCSK9-FLAG) containing the
sequence of the FLAG epitope tag fused to the 3’ end of the PCSK9
coding sequence, was a generous gift from Dr. Jay D. Horton, Uni-
versity of Texas Southwestern Medical Center, Dallas, TX, USA. To
make the E32K-PCSK9 construct, PCR fragments containing the
PCSK9 E32K mutant sequence were generated from the genomic
DNA of a PCSK9 E32K homozygote with the primers used for RFLP.
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Table 1

Distribution of PCSK9 E32K mutation in a general Japanese population by LDL-cholesterol quintile.

Amplified fragments and pCMV-PCSK9-FLAG were digested at 37 °C
overnight with the restriction enzymes Nhel and Sacll (New Eng-
land Biolabs), purified with a QIAquick Gel Extraction Kit (QIAGEN,
Hilden, Germany) and ligated using T4 DNA ligase (Nippon Gene,
Toyama, Japan). The whole coding sequence of the E32K-PCSK9
plasmid except for the G to A substitution at the position of E32K
was confirmed to be identical to the WT-PCSK9 plasmid by DNA
sequencing method. An empty plasmid, pcDNA3.1/myc his-c (Invit-
rogen, Carlsbad, CA, USA) was used as a control in the transfection
experiments.

HepG2 cells obtained from the Health Science Research
Resources Bank (HSRRB) were cultured in Dulbecco’s modified
Eagle’s medium with low glucose and L-alanyl-glutamine (Gibco,
Carlsbad, CA, USA) containing 1x penicillin-streptomycin solu-
tion (Wako Pure Chemical Industries, Osaka, Japan) and 10% foetal
bovine serum (Gibco) in a humidified atmosphere (37°C, 5%
CO3). HepG2 cells were then transiently transfected with the dif-
ferent PCSK9 constructs or empty plasmid using Lipofectamine
2000 Reagent (Invitrogen) in accordance with the manufacturer’s
instructions for the 24-well plates. PCSK9 levels in the media were
determined using an ELISA kit after 24 h of incubation. The experi-
ment was repeated 3 times with 4 wells in each group. Data were
collected as the ratio to the WT-PCSK9 plasmid, and mean values
were calculated.

2.5. Statistics

All data in the text and figures are expressed as means4S.D.
The frequency distribution of genotype was compared using stan-
dard x? test. For multiple comparisons, the Tukey-Kramer HSD
test was performed for variables with P<0.05 on F-test in one-way
ANOVA. Linear correlations were analysed using Pearson’s corre-
lation coefficient analysis. JMP 5.1.2 software (SAS Institute, Cary,
NC, USA) was used for statistical analyses. P<0.05 was considered
statistically significant.

3. Results
3.1. Identification of the LDLR and PCSK9 mutations

Screening of LDLR mutations in 514 clinical-FH subjects resulted
in detection of 52 point mutations and 11 large rearrangements
in 210 and 52 patients, respectively. Twenty-two of 55 randomly
selected subjects who were free from LDLR mutations had the
following PCSK9 sequence variants: ¢.61.63dupCTG (L21dup, 8
heterozygotes), c.94G>A (E32K, 1 true homozygote and 2 het-
erozygotes), c.158C>T (A53V, 1 heterozygote), c.787G>A (G263S,
2 heterozygotes), c.1420A>G (1474 V, 4 heterozygotes), c.2004C>A
(S668R, 1 heterozygote) and ¢.2009A>G (E670G, 3 heterozygotes).
Silent mutations that do not result in a change in the amino acid
sequence of the protein product or occur within intronic regions
were omitted. The PCSK9 E32K true homozygote showed markedly
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higher plasma LDL-C level than the 2 heterozygotes (339 mg/dL vs.
222 and 248 mg/dL).

3.2. Screening of E32K mutation in exon 1 of the PCSK9 gene

Genotyping of the PCSK9 E32K mutation in the general pop-
ulation indicated that PCSK9 E32K occurred in 1.71% of subjects
(n=6)and was detected in the highest and the second highest quin-
tiles divided according to LDL-C level (Table 1). The frequency of
PCSK9 E32K variants in clinical-FH was significantly higher (6.24%,
P<0.01) than that in the general population. Further analysis in the
relatives of PCSK9 E32K carriers showed that LDL-C concentrations
in PCSK9 E32K carriers were higher than those in the general popu-
lation and lower than those in LDLR mutation heterozygotes (Fig. 1).
The PCSK9E32K variant was associated with a 75% increase in LDL-C
(197 mg/dL vs. 113 mg/dL, P<0.01) and a 31% increase in triglyc-
eride (TG, 151 mg/dL vs. 115 mg/dL, P<0.01), and did not influence
HDL-C level (Table S1).

3.3. PCSK9 E32K true homozygote and double heterozygote with
LDLR mutation

There were 5 rare cases among the PCSK9 E32K carriers in
clinical-FH and their relatives as follows: subject I, a true homozy-
gote for the PCSK9 E32K with the highest LDL-C level in her family
pedigree at 339 mg/dL (Fig. 2A); subject II, another PCSK9 E32K true
homozygote with a modest increase in LDL-C level at 246 mg/dL;
subject 111, a double heterozygote for c.611G>C (C183S) mutation
of LDLR and PCSK9 E32K (age: 1 year, LDL-C: 581 mg/dL and severe
cutaneous xanthomatosis, Fig. 2C); subject IV, a double heterozy-
gote for ¢.939C>A (C292X) mutation of LDLR and PCSK9 E32K (age:
30 years, LDL-C: 425mg/dL and severe tendon xanthomatosis);
subject V, a double heterozygote for LDLR K790X and PCSK9 E32K
(age: 2 years, LDL-C: 248 mg/dL and severe cutaneous xanthomato-
sis, Fig. 2D). No mutations in LDLR were detected in PCSK9 E32K
carriers except for the 3 double heterozygotes described above.

3.4. Analysis of circulating PCSK9 levels in PCSK9 E32K carriers
and LDLR mutation heterozygotes

Plasma PCSK9 levels in the PCSK9 E32K heterozygotes were
significantly higher than those in controls (349 +90ng/mL vs.
266 +112ng/mL, P<0.05), and those in PCSK9 E32K true homozy-
gotes (363 ng/mL) were similar to those in heterozygotes. Strong
positive correlations were observed between PCSK9 and LDL-C lev-
els in both the PCSK9 E32K heterozygotes (r=0.69, P<0.01) and
in control subjects (r=0.64, P<0.01, Fig. 3A). Further, the slope of
the regression curve between plasma PCSK9 and LDL-C in PCSK9
E32K heterozygotes (y=0.383x+54.1) was far steeper than that
in controls (y=0.186x +61.6). Consequently, relative LDL-C levels
were 1.47-fold higher in PCSK9 E32K heterozygotes and 2.10-fold
higher in true homozygotes than in controls with comparable cir-
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Fig. 1. Plasma LDL-C distribution in control subjects, PCSK9 E32K carriers and LDLR mutation heterozygotes. Bars show the percentage of subjects in each group.
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Fig. 2. Pedigrees of gain-of-function PCSK9 mutation families caused by the PCSK9 E32K. (A) Pedigree of subject with true homozygous PCSK9 E32K mutation. (B) Pedigree
affected by a single mutation of PCSK9 E32K or LDLR C74F in each subject. (C) Family with a double heterozygote of PCSK9 E32K and LDLR C183S mutations. (D) Pedigree of a
double heterozygote with PCSK9 E32K and LDLR K790X mutations. Relatives of another PCSK9 E32K true homozygote and a double heterozygote with PCSK9 E32K and LDLR
(292X mutations did not participate in this study. Half-shaded symbols indicate carriers of a single mutation of PCSK9 or LDLR and filled symbol indicates true homozygote.

Plasma TC, TG, HDL-C and LDL-C values (mg/dL) are shown below each symbol. Asterisks indicate the subjects treated with lipid-lowering drugs at the time of the study.
Hatched lines represent deceased family members. Diamond symbols labelled “n” indicate number and sex of individuals unknown.
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Fig. 3. Relationships between circulating levels of PCSK9 and LDL-C in (A) 20 control subjects (open circles), 15 PCSK9 E32K heterozygotes (closed circles), 2 PCSK9 E32K true
homozygotes (closed triangles) and (B) 30 LDLR mutation heterozygotes (20 K790X and 10 IVS15-3C/A, crossed symbols).

culating PCSK9 levels (Table S2). In heterozygous LDLR mutation
carriers, there were slight increases in plasma PCSK9 levels at
304 +83ng/mL and the correlation between plasma PCSK9 and
LDL-C levels was not significant (r=0.25, P=0.40, Fig. 3B). The
results were similar when the relation was analysed in LDLR K790X
carriers (r=0.12, P=0.64) and in LDLR IVS15-3C/A carriers (r=0.33,
P=0.34), respectively. Plasma PCSK9 and TG levels were positively
correlated in control subjects (r=0.48, P<0.05) and LDLR muta-
tion heterozygotes (r=0.40, P<0.05), whereas the correlation did
not reach statistical significance in PCSK9 E32K carriers (r=0.44,
P=0.10).

3.5. Effects of PCSK9 E32K mutation on secretion of PCSK9

To examine whether the PCSK9 E32K mutation affects the secre-
tion of PCSK9, the amounts of PCSK9 were measured in media of
HepG2 cells transiently transfected with WT-PCSK9, E32K-PCSK9
or empty plasmid. Consistent with in vivoresults, HepG2 cells trans-
fected with E32K-PCSK9 secreted significantly larger amounts of
PCSK9 into the media than those with WT-PCSK9 after 24 h of incu-
bation (139 £ 13% vs. 1004 3%, P<0.01, Fig. 4). PCSK9 levels in the
media of HepG2 cells transfected with empty plasmid were almost
undetectable (0.7 £0.3%) under our experimental conditions.
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Fig. 4. Secretion of PCSK9 in media from HepG2 cells transiently transfected with
WT-PCSK9, E32K-PCSK9 or empty plasmid. After 24 h of incubation, the media
were collected and subjected to ELISA. The values are expressed relative to the
amount of PCSK9 in the media of WT-PCSK9-transfected HepG2 cells and are given
as means £ S.D. from three independent experiments. **P<0.01 vs. empty plasmid,
**P<0.01 vs. WT-PCSK9.

4. Discussion

In this study, 55 clinical-FH subjects without LDLR mutations
were screened for PCSK9 mutations and 7 variants were detected
in 22 subjects. One of the variant carriers was true homozygous for
PCSK9 E32K and showed markedly higher LDL-C levels than PCSK9
E32K heterozygotes. On further screening for PCSK9 E32K variant
in the general population, 6 carriers of PCSK9 E32K were detected
among individuals with higher LDL-C levels (Table 1), which was
similar to the results of Miyake et al. who detected PCSK9 E32K
variant in the higher LDL-C group and anti-hypercholesterolaemia
treatment group [19]. The lipid profiles of PCSK9 E32K carriers and
the significantly higher frequency of PCSK9 E32Kin clinical-FH than
that in controls of the same district suggested this should be classi-
fied as a gain-of-function mutation. The remaining 6 PCSK9 variants
detected here were also described in their study, and the capa-
bilities of these variants to cause FH were considered to be very
low.

Consistent with previous findings [14], plasma PCSK9 levels
were positively correlated with LDL-C levels in both control sub-
jects and PCSK9 E32K heterozygotes (Fig. 3A). The slope of the
regression curve in PCSK9 E32K heterozygotes was almost dou-
ble that in control subjects (Fig. 3A). Further, PCSK9 E32K true
homozygotes showed 2.10-fold higher LDL-C levels than controls
with comparable PCSK9 levels and the value was almost the square
of that in heterozygotes (1.47), suggesting the impact of circulat-
ing PCSK9 E32K on LDL-C level (Table S2). Although the media of
HepG2 cells transfected with E32K-PCSK9 plasmid as well as the
plasma in PCSK9 E32K carriers showed more than 30% higher PCSK9
concentrations compared with controls in our ELISA study (Fig. 4,
Table S2), circulating PCSK9 levels in PCSK9 E32K true homozy-
gotes were similar to those in heterozygotes. In a recent study,
a much more potent gain-of-function PCSK9 mutation c¢.1120G>T
(D374Y) was associated with lower plasma PCSK9 levels [16].
We presume that the increased function of PCSK9, which in turn
enhances its own clearance, would in part lower the plasma PCSK9
concentration in PCSK9 E32K true homozygotes like PCSK9 D374Y
carriers. The effect of PCSK9 E32K was relatively mild, and thus
age, gender and other metabolic markers, such as insulin and glu-
cose, would considerably influence the plasma levels of PCSK9
[15,20,21].

In the heterozygous FH subjects with LDLR mutations, plasma
PCSK9 levels were similar to those in controls but plasma levels
of LDL-C were twice those in controls after adjusting for circulat-
ing PCSK9 levels. A positive correlation between plasma PCSK9 and
LDL-C levels was not observed in LDLR mutation carriers (Fig. 3B),
and therefore we speculated that high LDL-C levels relative to
PCSK9 levels in LDLR mutation carriers would reflect the far more
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potent impact of LDLR mutations on LDL-C concentration than that
of circulating PCSKS.

Although there is consensus regarding the mechanism of LDLR
degradation by PCSK9, there is debate over its role in very low-
density lipoprotein (VLDL) receptor (VLDLR) regulation. Poirier et
al. demonstrated that PCSK9 induces degradation of VLDLR inde-
pendent of the presence of LDLR [22], whereas Zhang et al. reported
that the selectivity of PCSK9 for the LDLR is due to Leu318 in epi-
dermal growth factor-like repeat (EGF)-A domain, which is not
present in VLDLR [3]. With regard to VLDL production, fasting led
to a marked decrease in LDLR levels in mice overexpressing PCSK9,
which was associated with an increase in VLDL production rate
[23]. In gain-of-function PCSK9 S127R, the lipoprotein kinetic study
using stable isotopes indicated a 3-fold increase in apolipoprotein
B100 and VLDL production rate [24]. In the present study, there was
a positive correlation between plasma PCSK9 and TG levels in con-
trols, which was consistent with recent reports [15,20,21], whereas
this correlation did not reach statistical significance in PCSK9 E32K
carriers despite marked increase in plasma PCSK9 and TG levels
(Table S2). An in vivo lipoprotein kinetic study of the PCSK9 E32K
true homozygote using stable isotopes would provide more precise
information on the lipoprotein kinetics in gain-of-function PCSK9
mutations.

Previous studies and our results indicated that the gain-of-
function mutation PCSK9 E32K is relatively common and causes
milder hypercholesterolaemia than LDLR mutations and other
potent gain-of-function PCSK9 mutations such as D374Y [19,25].
Interestingly, PCSK9 E32K heterozygotes were clearly distinguished
from LDLR C74F heterozygotes with regard to plasma LDL-C lev-
els within the family (Fig. 2B). Similar to other gain-of-function
mutations of PCSK9 [25,26], PCSK9 E32K could worsen the lipid
profiles in subjects true homozygous or double heterozygous with
LDLR mutation as in one patient in the present study (Fig. 2A, C
and D), although the levels of plasma LDL-C varied widely from
246 to 581 mg/dL. There were no further mutations in LDLR in any
of these subjects and they were apparently different from those
homozygous for LDLR mutation in that their LDL-C levels could
be reduced to values (<280 mg/dL) comparable to those in LDLR
mutation heterozygotes by drug treatment.

In the family affected with PCSK9 E32K and LDLR K790X, the
presence of lipid-lowering gene mutation was suggested by the
relatively low cholesterol levels considering their gene mutations,
but at the same time, it is also possible that the combined gene
mutations would interact with each other and affect the lipid
profiles of double heterozygous subjects (Fig. 2D). The mutations
encoded in 50-residue cytoplasmic domain of LDLR (amino acids
790-839), which is important in directing the receptors to coated
pits and facilitating rapid endocytosis of bound LDL [27], are con-
sidered to be internalisation-defective alleles and we confirmed
that T-lymphocytes of LDLR K790X heterozygotes showed defec-
tive uptake of Dil-LDL[28]. Recently, Bottomley et al. demonstrated
that the EGF sub-fragments of the LDLR were able to counteract
the inhibitory effect of PCSK9 in LDL uptake assays [29]. Likewise,
in LDLR K790X heterozygotes, the intact EGF-AB domain of the
internalisation-defective LDLR K790X may act as a decoy to protect
the remaining half of normal LDLR against PCSK9-mediated degra-
dation. In thisregard, the weaker association between plasma levels
of PCSK9 and LDL-C in subjects with LDLR K790X compared to sub-
jects with LDLR 1VS15-3C/A (r=0.12 vs. r=0.34) may support the
inhibitory effect of LDLR K790X on the function of PCSKS9, although
neither relation reached statistical significance.

In summary, we found 2 true homozygotes for PCSK9 E32K
and 3 double heterozygotes for PCSK9 E32K and LDLR mutations
associated with ADH. To our knowledge, this is the first report
of gain-of-function PCSK9 mutation true homozygosity, provid-
ing evidence that PCSK9 E32K significantly affects LDL-C levels via

increased function and mass of PCSK9, and could exacerbate the
clinical phenotypes of patients carrying LDLR mutations.
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Abstract

Background: We analyzed the effects of insulin therapy, age and gender on the risk of ischemic heart disease
(IHD) and cerebrovascular accident {CVA) according to glycemic control.

Methods and Results: We performed a prospective cohort study (Japan Cholesterol and Diabetes Mellitus Study)
of type 2 diabetes patients (n = 4014) for 2 years. The primary endpoint was the onset of fatal/non-fatal IHD and/
or CVA, which occurred at rates of 7.9 and 7.2 per 1000 person-years, respectively. We divided diabetic patients
into four groups based on age (< 70 and > 70) and hemoglobin A1C levels (£ 7.0 and > 7.0%). Multiple regression
analysis revealed that IHD was associated with high systolic blood pressure and low HDL-C in patients under 70
years of age with fair glycemic control and was associated with low diastolic blood pressure in the older/fair
group. Interestingly, insulin use was associated with [HD in the older/poor group (OR = 2.27, 95% Cl = 1.11-589;

p = 0.026) and was associated with CVA in the older/fair group (OR = 2.09, 95% CI = 1.06-4.25; p = 0.028). CVA was
associated with fower HDL-C and longer duration of diabetes in younger/poor glycemic control group. Results by
stepwise analysis were similar. Next, patients were divided into four groups based on gender and diabetic control
(hemoglobinA1C < or > 7.0%). Multiple regression analysis revealed that IHD was associated with high systolic
blood pressure in male/fair glycemic control group, age in male/poor control group, and short duration of diabetic
history in females in both glycemic control groups. Interestingly, insulin use was associated with IHD in the male/
poor group(OR = 4,11, 95% Cl = 1.22-812; p = 0018) and with CVA in the female/poor group(OR = 3.26, 95% Cl =
1,12-6.24; p = 0.02). CVA was associated with short duration of diabetes in both female groups.

Conclusions: IHD and CVA risks are affected by specific factors in diabetics, such as treatment, gender and age.
Specifically, insulin use has a potential role in preventing IHD but may also be a risk factor for CVA among the
diabetic elderly, thus revealing a need to develop improved treatment strategies for diabetes in elderly patients.
The Japan Cholesterol and Diabetes Mellitus Study was formulated to evaluate them(Umin Clinical Trials Registry,
clinical trial reg. no. UMINOOOOOS16; http://www.urin.acjp/ctr/indexhtm).
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Background

Elderly patients with type 2 diabetes mellitus (T2DM)
have much higher risks of ischemic heart disease (IHD)
and cerebrovascular accident (CVA) compared to
younger diabetic patients. Because of these risks, diabetes
may shorten an individual’s life span by approximately 10
years [1]. A considerable number of studies have assessed
IHD and CVA risk factors in culturally diverse groups of
diabetic patients less than 70 years of age. With regard to
glycemic control, a recent meta-analysis of several large
clinical studies revealed that intensive and strict glycemic
control was more effective than standard control for pre-
venting IHD [2]. This review analyzed five trials, includ-
ing the United Kingdom Prospective Diabetes Study
(UKPDS), Action to Control Cardiovascular Risk in Dia-
betes (ACCORD), and Action in Diabetes and Vascular
Disease: Preterax and Diamicron Modified Release Con-
trolled Evaluation (ADVANCE). The meta-analysis study
concluded that intensive glucose control [decreasing
hemoglobin A1C (HbAIC) levels by 0.9%] was superior
to standard control for preventing IHD. However, inten-
sive glucose control did not seem to have any effect on
stroke rates or overall survival [2-5]. Furthermore, most
studies focused exclusively on patients under the age of
70 and did not examine elderly diabetic patients. Addi-
tionally, the authors did not evaluate whether specific
diabetes treatments, such as insulin, had any effect on the
risk of IHD and CVA.

The Japanese population has lower rates of IHD and
higher rates of CVA than the U.S. and European popu-
lations [6]. However, the rate of IHD is much higher
among Japanese diagnosed with diabetes [6,7]. Although
it has been shown that elderly diabetic individuals have
a higher risk of IHD than younger, non-diabetic
patients, there is insufficient evidence regarding the
associations between age, diabetic control, CVA, and
IHD [8]. The present study, the Japan-CDM (Japan
Cholesterol and Diabetes Mellitus Investigation), was a
nationwide observational cohort study that enrolled
4,014 Japanese individuals with diabetes [7]. We recently
reported the possibility of a change in the relationship
between atherosclerotic risk factors and IHD or CVA
based on age [9]. In other words, we identified a signifi-
cant relationship between lower HDL or higher LDL
cholesterol levels and the occurrence of IHD in subjects
older than 65 years old. Lower HDL cholesterol was
also significantly related to CVD in subjects over 65
years of age and especially in those older than 75. Lower
HDL cholesterol is an important risk factor for IHD and
CVD, especially in diabetic elderly individuals. Based on
these data, the goal of this study is to evaluate the rela-
tionships between age, diabetic control, CVA and IHD
in Japanese T2DM patients.
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Methods

Patients

We recruited diabetic individuals examined at 40 institu-
tions throughout Japan between September 2004 and
March 2005. Patients who had experienced previous
myocardial infarctions or cerebrovascular accidents
requiring hospitalization were excluded from the study.
Other exclusion criteria included the following: a history
of or complications related to serious heart disease (such
as acute heart failure); serious hepatic or renal disease,
such as non-compensated liver cirrhosis and chronic
renal failure requiring hemodialysis; malignancy; inten-
tion to undergo surgery; any illness with a poor prog-
nosis; and the recruiting physician’s judgment that a
patient was inappropriate for inclusion in the study.

Study design

This multicenter prospective longitudinal cohort study
included 4,014 diabetic individuals examined on a con-
secutive outpatient basis (1,936 women and 2,078 men;
mean age = 67.4 + 9.5 years, range = 35-83 years, med-
ian = 70.4 years). The one-year and two-year follow-up
rates were 98.2% and 92.3%, respectively (Figure 1). Pri-
mary endpoints were the onset of IHD {comprising fatal
or nonfatal myocardial infarction; development of
unstable angina; or the need for coronary revasculariza-
tion procedures, either coronary artery bypass grafting
or percutaneous coronary intervention because of angina
or an acute coronary syndrome) or CVA (stroke with
neurological deficit, except transient ischemic attack).
Secondary endpoints were sudden cardiac death due to
causes other than myocardial infarction, transient
ischemic attack, subarachnoid hemorrhage and all-cause
mortality. We collected blood samples from the patients
to evaluate their plasma lipid levels, blood glucose levels
and HbA1C levels during the same month each year.
Informed consent was obtained from all subjects partici-
pating in the study. The study was approved by the
Institutional Review Boards of the participating hospitals
and the relevant safety monitoring boards [10]. The
guidelines of the Japan Atherosclerosis Society, which
state that LDL values should be less than 120 mg/dL
and HDL values should be higher than 40 mg/dL in dia-
betic individuals, and the diagnostic criteria for T2DM
of the American Diabetes Association were used [11,12].
All reported events were confirmed by the organizing
comimittee.

Group allocation by age and glycemic control

We investigated the relationships between age, diabetic
control, IHD, and CVA. Because the median age and
hemoglobin A1C values of the patients in this study
were 70.4 years and 7.0%, respectively, we divided the
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4349 diabetfic patients

216 did not meet inclusion criteria
88 have previcus coronary disease or stroke

- 6 refused fo give consent
v > 30 other reasons
4014 diabetic patients were registered
March, 2003
30 drop out
{moved fo other place efc.) v
14 other reasons 89 events (14 death) during 1* year
Faial (%) Non-Fatal (%)
March, 2006 AMI 2 005 8 0.20
V | AnginaPecioris 0 o 1 0.28
3853 patients were followed up after] | ACSinterventon O 0 12 0.30
1 year Sublotal 2 005 3 078
CVA 1 002 26 0.65
56 drop out (moved fo other ASO 0 g 7 0.18
placeelc. ) < CHF 0 0 M 028
39 other reasons ] | SuddenDeath 5 012 - .
53 under confirmation at present Cther Desth 6 018 - -
80 events (18 death) during 1 year
March 2007 h 4 Fatal (%) Non-Fatal (%)
3625 patients were followed up AMI 5 0 9 0.05
after two years Angina Pectoris 0 0 18 .48
ACS-intervention 0 0 3 0.18
Subtotal o g 30 .81
CVA 4 o1 24 .65
ASO 0 0 3 0.08
CHF 1 003 7 0.20
Sudden Death 2 0.05 - -
Other Death 11 03 - -

obliterans, CHF: congestive heart failure.

Figure 1 Trial design and cardiovascular events that occurred after the first and second years among the diabetic individuals included
in the study. AML: acute myocardial infarction, ACS: acute coronary syndrome, CVA: cerebrovascular accident (stroke), ASO: arteriosclerosis

patients into four groups based on age (< 70 and > 70)
and hemoglobin A1C levels (= 7.0 and > 7.0%). The
four groups were as follows: 1) NF: under 70 years of
age with fair glycemic control (n = 870); 2) NP: under
70 years of age with poor glycemic control {n = 1,072);
3) OF: over 70 years of age with fair glycemic control

(n = 923); and 4) OP: over 70 years of age with poor
glycemic control (n = 1,149).

Group allocation by gender and glycemic control
We investigated the relationships between gender, diabetic
control, IHD, and CVA. We divided the patients into four
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groups based on gender and hemoglobin A1C levels (< 7.0
and > 7.0%). The four groups were as follows: 1) MF:
males with fair glycemic control (n = 1063); 2) MP: males
with poor glycemic control (n = 950); 3) FF: females with
fair glycemic control (n = 859); and 4) FP: females with
poor glycemic control (n = 1,142).

Statistics

Results are presented as means + SD (standard deviation)
of the data analyzed. All statistical analyses were performed
using JMP (version 7, SAS Institute Inc., Cary, NC). The
incidence of IHD and CVA were analyzed according to
age, which was stratified as 70 years or younger vs. older
than 70 years. We used the chi-square test and Fisher’s
exact test for categorical comparisons of the data. Differ-
ences in the means of continuous measurements were
tested using the Mann-Whitney U test. We selected possi-
ble significant predictors by conducting a univariate logistic
regression analysis (P < 0.10) and performed multiple logis-
tic regression analysis to identify important risk factors for
IHD and CVA. Additionally, stepwise regression analysis
was used to confirm the relationships between IHD, CVA,
and clinical variables. P-values less than 0.05 were consid-
ered to be statistically significant.

Results

A total of 152 cardiovascular events (IHD and CVA) and
17 deaths due to other etiologies occurred during the 2-
year study period. IHD and CVA occurred at rates of 7.9
and 7.2 per 1000 person-years, respectively. Table 1
shows the baseline characteristics of the four patient
groups. In the NF group, fasting blood glucose levels, dia-
stolic blood pressure readings and the female/male ratio
were higher among patients using insulin than among
patients not using insulin. Conversely, LDL-C was lower
and HDL-C tended to be higher among patients using
insulin than those not using insulin in the NF group. In
the NP group, triglyceride and LDL-C levels were lower
and HDL-C levels were higher among patients using
insulin. In both the NF and NP groups, the history of dia-
betes was longer for patients using insulin. In both the
OF and OP groups, the duration of diabetes was not dif-
ferent for insulin users compared to non-users. In the
OP group, more females than males used insulin. We
adjusted the data for these baseline differences in the fol-
lowing analyses.

Multiple regression analysis examining the relationship
between the risk of IHD and clinical variables for each
group divided by age and glucose control

Table 2 shows the relationship between IHD and each
clinical measurement, such as LDL-C level and insulin
treatment for each group divided by age and glucose con-
trol levels (HbA1C). We performed multiple regression

Page 4 of 12

analysis for variables that showed a possible relationship
with IHD risk by univariate analysis (P < 0.1).

Patients 70 years of age or younger: Univariate analysis
revealed that higher systolic blood pressure, higher LDL-
C and lower HDL-C were associated with IHD risk
among patients in the NF group. However, only systolic
blood pressure (OR = 1.81, 95% CI = 1.19-2.93; p =
0.009) and HDL-C level (OR = 0.46, 95% CI = 0.26-0.85;
p = 0.006) were confirmed to be significantly associated
with IHD risk by the multiple regression analysis.

Patients over 70 years of age: Lower diastolic blood
pressure was associated with IHD risk among patients in
the OF group (OR = 0.65, 95% CI = 0.48-0.96; p = 0.016).
Insulin use was significantly associated with IHD risk in
the OP group (OR = 2.27, 95% CI = 1.11-5.89; p = 0.026)
(Table 2). The duration of diabetes did not affect IHD
risk in either group.

Multiple regression analysis examining the relationship
between clinical variables and the risk of CVA for each
group divided by age and glucose control

Table 3 shows the relationship between CVA and each
clinical measurement as well as the insulin treatment
for each group.

Patients 70 years of age or younger: CVA tended to
occur more frequently among patients with higher
HbA1C levels than in those with lower HbA1C levels (OR
=4.11, 95% CI = 1.01-13.4; p = 0.067) in the NT group.
Lower HDL-C (OR = 0.43, 95% CI = 0.23-0.78; p = 0.006)
and a longer duration of diabetes (OR = 1.06, 95% CI =
1.01-1.11; p = 0.018) were associated with CVA risk
among patients in the NP group.

Patients over 70 years of age: Insulin use was asso-
ciated with CVA risk in the OF group (OR = 2.09, 95%
CI = 1.06-4.25; p = 0.028) (Table 2). Univariate analysis
revealed a trend toward an association between lower
HDL-C levels and CVA in the OF and OP groups, but
this association was not statistically significant according
to the results of the multiple regression analysis.

Stepwise regression analysis

Stepwise multiple regression analyses were also per-
formed separately for IHD and CVA risks. The results
were very similar to those of the multiple regression ana-
lyses described above, except that LDL-C was associated
with IHD in the NF group (Table 3).

Regarding IHD risk, higher systolic blood pressure {p =
0.003), lower HDL-C (p = 0.017), and higher LDL-C {p =
0.035) were all associated with IHD risk in the NF group.
Insulin use {p = 0.005) and age {p = 0.015) were signifi-
cantly associated with IHD in the OP group.

Regarding CVA risk, higher levels of hemoglobin A1C
were associated with CVA risk in the NF group (p = 0.03),
and lower HDL-C (p = 0.004) and the duration of diabetes
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Table 1 Base line profile of patients
HbA1C = < 7.0 {Gp.MF) HbA1C 7.0 < (Gp.MP)
= < 70y.0. Insulin {-) Insulin (+) P Insulin {-) Insulin (+) P
Mean(SD) Mean(SD) Mean(SD}) Mean(SD)
Duration of Disbetes (yrs) 667 (7.50) 1218 (931) 0012% 9.53(8.05) 1248 (8.15) 0.011*
FBS {mg/dl) 145.2 (444} 1582 {55) 0.022* 183.7(63.4) 173.7(71) 0.134
SBP {mmHg) 1344 (155) 1334 (17.6) 0409 1334(17.7) 1327 (18.3) 0.893
DBP {mmHg) 77 (123} 732 (148} 0011* 76 (10.9) 73400 0.04*
TG (mg/dh 148.3(1199) 1355 (65.3) 0844 154.1(111.86) 141.9 (184) 0.03*
HDL-Clmg/dh 55(14.2) 572 (15.1) 0.062 52.8(134) 5970215 0.001%
LDL-C{mag/dh 1163(31.9) 1165 (27.9) 0.034* 1234359} 1202(333) 0.52
% % p % % P
Gender (Maleftotal) 618 496 0011 53.3 475 0116
Anti-hyperlipidemic drugs 539 493 0.131 527 586 0477
statin 414 390 0.122 485 457 0444
Oral diabetic drugs 444 10 < 0.001** 820 6.7 < 0.001%
sulfonylurea 430 2.0 < 0001 794 86 < 00017
Anti-hypertensive drugs 66.1 479 0.042* 54.8 510 0921
70 +y.0. HbA1C = < 7.0 {Gp.OF) HbA1C 7.0 < (Gp.OP)
insulin () Insulin (+) P Insulin (- Insulin (+) P
Mean(5D) Mean(SD) Mean(SD) Mean(SD)
Duration of Diabetes {yrs) 10.83 8.75) 12.2 (967 0.12 1067 (817) 11.0 050 043
FBS {mg/dh 1462 (47.1) 159.1 {59) 0.052 174.5 (70.5) 181.7 (75.5) 0.224
SBP {(mmHg) 136.2 (164) 1357 (17} 0.896 1364 (159) 136.2 (17) 822
DBP {mmHg) 717 (11.2) 704 (11.6) 0.256 73.1(11.3) 731 (1 0832
TG (mg/dh 1275 (734) 1243 (75.3) 0.168 1308 (75) 124.6 (69.3) 053
HDL-C (mg/dl) 55.1 (16) 55 (17.3) 0953 547 (18.1) 54.7 (16.5) 0.888
LOL-C {mg/dh 1141 (29) 1123 (30.3) 0,704 118.2 (30.7) 1178 (33.8) 0.541
% - % P % % P
Gender (Male/ftotal) 54 455 0.061 53.2 3758 0.035*
Anti-hyperlipidemic drugs 502 46.0 0.140 46.7 50 0.307
statin 439 40.2 0.003% 433 425 0.167
Oral diabetic drugs 626 18.5 < 0001 846 181 < 000
sulfonylurea 60.1 126 < 0.001%* 794 80 < 0.007**
Anti-hypertensive drugs 682 599 0904 609 546 0370

Characteristics of the patients in each of the four groups, including insulin use.
*n < 0,05, **p < 0.01.

(p = 0.01) were associated with CVA risk in the NP group.
Insulin use (p = 0.038) was associated with CVA risk
among patients in the OF group. Lower HDL-C levels
tended to be associated with CVA in the OF group (p =
0.056) and the OP group (p = 0.08), although these asso-
ciations were not statistically significant.

Influence of insulin therapy on IHD and CVA risk

The results indicated that insulin therapy was associated
with IHD risk in the OP group and with CVA risk in
the OF group (Figure 2). Interestingly, patients 70 years
of age or younger who used insulin tended to have
slightly decreased incidences of IHD and CVA, whereas

These groups were stratified by glycemic control and age.

patients over 70 years of age using insulin tended to
have an increased incidence of CVA (Figure 2a and 2b).

Interestingly, insulin use was associated with IHD in the
MP group (OR = 4.11, 95% CI = 1.22-8.12; p = 0.018) and
with CVA in the FP group (OR = 3.26, 95% CI = 1.12-
6.24; p = 0.02).

Multiple regression analysis examining the relationship
between clinical variables and the risk of IHD for each
group divided by gender and glucose control

Multiple regression analysis was performed to evaluate
the relationship between IHD and each clinical measure-
ment, such as LDL-C level and insulin treatment for
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Table 2 The relationship between IHD, CVA and clinical variables

Page 6 of 12

IHD = < 70 y.o. Mean(SD) Hgb A1C = < 7.0 (Gp.MF) 7.0 < HgbA1C (Gp.MP)
Number of events 17 15
Univariate Multivariate Univariate Muitivariate

Male/Female 095 0.75 {0.40-1.37) 1.03 (062-1.74)

Age (y.0) 50.9(7.9)y.0. 1.06 (0.98-1.20) 1.03 {0.96-1.13)

Duration of diabetes (years) 9.15(22) 1.047 (0.59-1.09) 103 (0.95-1.08)

Hemoglobin A1C{%]) 7.38(1.31) 1.16 (0.40-4.37) 1.01 (0.60-1.50}

Triglyceride {mg/dl 146.9(129.5) 1.01 (099 - 1.03) 1.01 (094-1.04)

LDL-Chol (mg/dl} 110.2(34.%) 1.13* (1.01-1.28) 1.12%(1.00-1.28) 104 (087-1.21)

HDL-Chol {mg/dl) 554(16.2) 0.54* (0.29-0.91) 0.46%(0.26-0.85) 0.78 (0.53-1.08)

Systolic BP(mmHg) 133.5(17.5) 1.58% (1.11-2.24) 1.81%%(1.19-2.93) 1.07 (0.80-149)

Diastolic BP (mmHg) 755(11.7) 0.94 (0.63-1.58) 0.96 (0.63-1.62)

Insulin user (%) 32.80% 096 {0.37-1.93) 106 (0.61-1.81)

{HD 70 < y.0. Mean(SD) Hgb A1C = < 7.0 {Gp.OF) 7.0 < HgbA1C (Gp.OP)

Number of events 25 25

Univariate Multivariate Univariate Multivariate

Male/Female 1 112 (0.71-1,81) 141 (0.83-297)

Age {v.0) 7544.3) 0.99 (0.88-1.09) 0.83 (0.66-0.99)

Duration of diabetes {years) 10.18(9.08) 1.02 (0.98-1.06) 1.02 (0.93-1.08)

Hamoeglobin A1C (%) 7.26 (1.15) 1.74 (0.65-5.55) 137 {0.77-2.16)

Triglyceride {mg/dl) 1292 {62.2) 1.00 (1.00-1.09) 101 {0.99-1.04)

LDL-Chol {mg/dl) 1161 (306) 099 (0.78-1.11) 1.05 (0.87-1.24)

HDL-Chol {mg/dl)

54.7 (16.2) 0.99 (0.73-1.26)

0.79 (0.50-1.18)

Systolic BP (mmMg)

1358 (17.1) 0.86 (0.69-1.12)

0.88 (0.61-1.25)

Diastolic BP (mmHg) 722 (109) 0.65* (0.46-0.95) 0.65%{0.46-0.95) 098 (0.59-1.78)
Insulin user (%) 33.90% 097 (0.51-1.64) 3.48%(1.42-15.24) 3.48%(1.42-15.24)
CVA = < 70 y.0, Mean(SD) Hgb A1C = < 7.0 (Gp.MF) 7.0 < HghA1C (Gp.MP)
Number of events 17 15
Univariate Multivariate Univariate Multivariate
Male/Female 1.16 1.16 (0.65-2.26) 1.06(0.58-1.98)
Age (y.o) 60.9 (7.9) 101 (094-1.11) 1.02(0.94-1.13)
Duration of diabetes (years) 215 (8.22) 0.81*(0.60-0.99) 1.08%(1.01-1.14) 1.06%(1.01-1.11}
HemeglobinA1C{%) 7.38 (1.31) 4.34%(1.07-25.8) 41177(1.01-1340) 0.77(0.35-1.35)
Triglyceride {(mg/dl) 146.5(128.5) 1.00 (0.98-1.02) 1.010.97-107)
LDL-Chol {mg/dl) 119.2 (34.1) 0.99 (0.96-1.14) 0.98(0.79-1.17)
HDL-Chol (mg/dl) 554 (16.2) 0.78 (049-1.18) 0.60*%(0.35-0.63) 0.43%%(0.23-0.78)

Systolic BP (mmHg)

1335 (17.5) 098 (0.71-141)

0.99(075-144)

Diastolic BP (mmHg)

755 (117 26 (076-217)

1.01(062-183)

Insulin user (%)

32.80% 089 (0.35-1.77)

0.74{035-1.18)

CVA 70 < y.o.

Mean(SD) Hgb A1C = < 7.0 (Gp.OF)

7.0 < HgbA1C {Gp.OP)

Number of events

16

22

Univariate Multivariate

Univariate Multivariate

Male/Female

0.96 1.33 (0.79-2.40)

068 (0.36-1.17)

Age {y.0) 754 (43) 1.04 (0.93-1.14) 105 (093-1.17)
Duration of diabetes (years) 10.18 (9.08) 1.07 (0.96-1.05) 104 (098-1.09;
HemoglobinA1C{%) 726 (1.15) 1.27 (047-4.29) 0.74 {035-1.32)

Triglyceride {mg/dl)

1292 (62.2) 1.01 (0.91-1.07)

105 (097119

LDL-Chol {mg/di)

116.1 (308 096 {0.74-1.10)
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Table 2 The relationship between IHD, CVA and clinical variables (Continued)

HDL-Chol (mg/d}) 547 (16.2) 0.61%(0.38-0.93)

0.71%(0.47-1.02) 0.717(0.49-1.02)

Systolic BP (mmHg) 1359 (17.1) 0.80 (0.64-1.04)

1.25 (091-172)

Diastolic BP (mmHag) 722 (109 083 (0.55-1.34)

1.09 (0.68-1,85)

Insulin user (%) 33.90%

1.93% (1.05-3.62)

1.93* (1.05-3.62) 1.11 {053-2.24)

P < 0.1, *P < 0.05, ¥*P < 0.01

Clinical characteristics of diabetic individuals and the results of the univariate and multiple regression analyses examining the association between various clinical
variables and IHD and CVA risk with stratification by age group. Patients were divided into two age categories: s 70 years of age vs. > 70 years of age. Odds
ratios and the corresponding 95% confidence intervals, which are in parentheses following the odds ratios, are shown. Abbreviations: Male/Female: ratio of male
patients to female patients; Hemoglobin A1C (%): glycated hemoglobin A1C; LDL-C (mg/dl): Low-density lipoprotein cholesterol; HDL-C {mg/dl): High-density
lipoprotein cholesterol; Systolic BP {mmHg): systolic blood pressure; Diastolic BP {mmHg): diastolic blood pressure,

Bold characters indicate that a factor was found to be statistically significant by the univariate or multivariate regression analyses {p < 0.05).

each group divided by gender and glucose control levels
(HbA1C) (Table 4). :

Male patients: IHD was associated with high systolic
blood pressure in the male/fair glycemic control group,
age in the male/poor control group. Interestingly, insulin
use was associated with THD in the male/poor group (OR
= 4.11, 95% CI = 1.22-8.12; p = 0.018).

Female patients: [HD was associated with a short
duration of diabetic history in the female/fair and
female/poor groups.

Multiple regression analysis examining the relationship
between clinical variables and the risk of CVA for each
group divided by gender and glucose control
Multiple regression analysis was performed to evaluate
the relationship between CVA and each clinical measure-
ment and insulin treatment for each group divided by
gender and glucose control levels (HbA1C) (Table 4).
Male patients: CVA was not significantly associated
with any variables.
Female patients: CVA was associated with a short
- duration of diabetic history in the female/fair and
female/poor groups. Insulin use was associated with

Table 3 The stepwise multiple regression analyses to the
onset of IHD or CVA

Ischemic Heart Diseases

=< 70 yo. HbA1C = < 7.0 (GpMF) Systolic BP 0.016*
HDL-C 0.035%
LDLAC 0.049%
Gender 0.036*
7.0 < HbAIC {GpMP) None
70vo. < HbATC = < 7.0 (Gp.OF) Diastclic BP 0.033*

7.0 < HbATC {Gp. OP) Insulin 0.006%*
Age 0016

Cerebrovascular Attacks (Stroke}

=< 70 yo. HbA1C = < 7.0 (GpMF) (HbA1C 0.059)
7.0 < HbA1IC {Gp.MP) HDL-C 0.028%
70 y.0. < HbATC = < 7.0 (Gp.OF) Irisulin 6.028%

(HDL-C 0.086)

7.0 < HbA1C {Gp. OF) None

CVA in the female/poor group (OR = 3.26, 95% CI =
1.12-6.24; p = 0.02).

Discussion

In the present study, IHD was associated with a higher
systolic blood pressure and a lower HDL-C in patients in
the 70 years of age or younger patients with fair glycemic
control and a lower diastolic blood pressure in older
patients with fair glycemic control. Insulin use was asso-
ciated with IHD in the OP group, whereas it was asso-
ciated with CVA in the OF group. CVA was associated
with lower HDL-C and a longer duration of diabetes in
patients in the NP group. The results obtained by step-
wise analysis were similar, except that LDL-C was asso-
ciated with IHD in patients in the NP group. In the
elderly, insulin use and glycemic control may contribute
differently to IHD and CVA risks.

The frequency of diabetes increases with age, and there
are many elderly diabetic individuals. However, the risk
factors for IHD and CVA have not been clearly defined
in elderly diabetics. Furthermore, there is insufficient
clinical evidence regarding the effects of insulin therapy
on IHD and CVA risks in elderly patients {13,14]. There-
fore, this study examined the effect of insulin therapy on
IHD and CVA risks among elderly diabetics. This study
also examined the possibility that IHD and CVA risk fac-
tors varied by age.

In the present study, differences in the IHD and CVA
risks by gender were not evident. IHD was associated
with high systolic blood pressure in the MF group, age
in the MP control, short duration of diabetic history in
the FF and FP groups. Insulin use was associated with
IHD in the MP group and with CVA in the FP group
(OR = 3.26, 95% CI = 1.12-6.24; p = 0.02). CVA was
associated with short duration of diabetes in both female
groups.

IHD risk factors

American guidelines for diabetic control suggest that dia-
betic individuals under 70 years of age have a risk of devel-
oping IHD similar to that for non-diabetic individuals
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Figure 2 Effects of age and insulin therapy on the risk of IHD and CVA among diabetic patients stratified by glycemic control
{measured by hemoglobin A1C, stratified as < 7.0% vs. > 7.0%). Incidence of ischemic heart disease (IHD), left column, and cerebrovascular
accident (CVA), right column. Patients with lower hemoglobin A1C values, upper column, and higher hemaoglobin A1C values, lower column. (a)
Incidenice of ischemic heart disease (IHD) {< 70 years of age}. (b) Incidence of ischemic heart disease (HD) (> 70 years of age). (¢} Incidence of
stroke (CVA) (= 70 years of age). (d} Incidence of stroke (CVA) (> 70 years of age). These data were adjusted for age and gender. *p < 0.05 Blue

column: subjects using insulin. Red column: subjects not using insulin.

having a prior myocardial infarction [8], and the results
from the present study support this concept (Figure 2).
We found that the incidence of IHD among diabetic Japa-
nese was relatively high and comparable with that of IHD
in Western countries, such as the U.K. [3,15]. The inci-
dence of IHD in our study was approximately three times
higher than the incidence rates previously reported in
Japanese trials, such as Mega study investigating patients

under 70 years of age, not all of whom had diabetes
[16,17].

In the present study, among diabetic individuals in the
NF group, higher systolic blood pressure and lower
HDL-C were associated with a risk of IHD. Systolic
blood pressure, not diastolic pressure, was confirmed as
a classical IHD risk factor from previous studies {18-20].
The age of diabetic patients in those reports was less
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