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Apolipoprotein (apo) E2 and diabetes mellitus are known to be associated with an accumulation of remnant lipoproteins in
plasma. In this study, effects of type 2 diabetes mellitus and/or apo E2 genotypes on remnant-like lipoprotein particles (RLP)
were assessed. Thirty-three subjects were divided into 6 groups: 7 apo E3/3 nondiabetic subjects, 6 apo E3/3 diabetic patients,
5 apo E3/2 nondiabetic subjects, 6 apo E3/2 diabetic patients, 5 apo E2/2 nondiabetic subjects, and 4 apo E2/2 diabetic
patients. First, the effect of diabetes mellitus on RLP were estimated by comparing the apo E3/3 nondiabetic group with the
apo E3/3 diabetic group. Plasma levels of RLP-cholesterol (chol) in the apo E3/3 diabetic group and the uptake of RLP from
the apo E3/3 diabetic group by macrophages were significantly greater compared with the apo E3/3 nondiabetic group.
Second, the effect of apo E2 on RLP was estimated in nondiabetic subjects. Apo E2/2 nondiabetic subjects had type Il
hyperlipoproteinemia (HLP). Plasma levels of RLP-chol in the apo E2/2 nondiabetic group and the uptake of RLP from the apo
E2/2 nondiabetic group by macrophages were significantly greater compared with the apo E3/3 and apo E3/2 nondiabetic
groups. Third, the effects of both apo E2 and diabetes on RLP were estimated. Plasma levels of RLP-chol in the apo E2 (E3/2
and E2/2) diabetic groups and the uptake of RLP from apo E2 (E3/2 and E2/2) diabetic groups by macrophages were
significantly greater compared with apo E3/3 nondiabetic and diabetic groups or the apo E3/2 nondiabetic group. In diabetes,
a gene dose effect of apo E2 on plasma levels of RLP-chol and uptake of RLP by macrophages was present (apo E3/3 < apo
E3/2 < apo E2/2). The apo E2/2 diabetic group had type lll HLP. Furthermore, uptake of RLP from the apo E2/2 diabetic group
with type lll HLP was significantly greater compared with the apo E2/2 nondiabetic group with type Ill HLP. In conclusion, type
2 diabetes was associated with increased RLP-chol in plasma and atherogenic RLP. In nondiabetes, apo E2/2 contributes to
increased plasma RLP-chol and atherogenic RLP. In diabetes, additional effects of apo E2 to increase RLP-chol in plasma and
to enhance the uptake of RLP by macrophages are present. RLP from apo E2/2 diabetes with type lll HLP are more atherogenic

than those from apo E2/2 nondiabetes with type Il HLP.
Copyright 2002, Elsevier Science (USA). All rights reserved.

TABETES MELLITUS IS a major risk factor for cardio-
vascular disease. Lipid abnormalities contribute to the
increased incidence of atherosclerosis in type 2 diabetes. The
lipid abnormalities may be explained by reduced peripheral
clearance and increased hepatic production of triglyceride
(TG)-rich lipoproteins. It has been reported that diabetic dys-
lipidemia syndrome consists of increased plasma TG-rich li-
poproteins including chyromicron remnants and very—low-
density lipoprotein (VLDL) remnants, ie, intermediate-density
lipoprotein (IDL).! Remnant lipoproteins have been recognized
as a risk factor for atherosclerosis in type 2 diabetes.!

A reliable method for the determination of plasma remnant-
like lipoprotein particles (RLP) using monoclonal antihuman
apolipoprotein (apo) A-1 and antihuman apo B-100 antibodies
has been developed.? Campos et al® showed that RLP isolated
by this method are enriched in TG, cholesterol (chol), and apo
E and represent remnant lipoproteins. These apo E-rich RLP
are reported to be a major risk factor for coronary atheroscle-
rosis.*”7 Further, it was shown that plasma levels of RLP-chol
are elevated in type 2 diabetes.®
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Apo E is one of the main protein constituents of TG-rich
lipoproteins. Apo E has an affinity for the lipoprotein receptors
and plays an important role in receptor-mediated endocytosis of
TG-rich lipoproteins including remnants. Apo E is genetically
polymorphic and exists as 3 common isoproteins, E2, E3, and
E4, which are coded by 3 apo E alleles, €2, €3, and €4,
respectively.®-!! Apo E3 is the native form (wild type). The apo
E3/3 genotype is the most common form in the population
(approximately 70% in Japan), whereas the apo E2 genotypes
are relatively rare (approximately 7% in Japan).'> Apo E2 has
reduced binding affinity for low-density lipoprotein (LDL) or
remnant receptors because apo E2 is commonly caused by a
change in residue 158 from Arg to Cys.!3 Thus, apo E2 is
associated with impaired remnant metabolism, accumulation of
remnant lipoproteins in plasma as type III hyperlipoprotein-
emia (HLP),'® and premature atherosclerosis.

Both diabetes mellitus and apo E2 are thought to be inde-
pendent factors, which increase remnant lipoproteins in plasma.
We previously reported that type 2 diabetic patients with apo
E2/2 genotype are susceptible to type III HLP and diabetic
patients with apo E 3/2 genotype are susceptible to type IV
HLP, and diabetic patients with apo E2 genotypes (apo E2/2
and E3/2) are characterized by increased remnant lipoproteins
in plasma.'+!5> However, as far as we are aware, there has been
no report concerning RLP in diabetic patients with apo E2. In
a previous report,? the effect of apo E genetic polymorphism on
RLP in type 2 diabetes was not taken into consideration. First,
we compared plasma levels of RLP and uptake of RLP by
macrophages between nondiabetic subjects with apo E3/3 ge-
notype and type 2 diabetic patients with apo E3/3 genotype to
show the effect of diabetes on RLP. Second, we compared
these among nondiabetic subjects with the apo E3/3 genotype
and with the apo E2 genotypes to investigate the effect of apo
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E2 on RLP. Third, we compared these among diabetic patients
with apo E3/3 genotype and with apo E2 genotypes to assess
the effect of apo E2 on PLP in diabetes.

SUBJECTS AND METHODS
Subjects

Thirty-three subjects were recruited from our affiliated hospitals and
were divided into 6 groups: 7 apo E3/3 nondiabetic subjects, 6 apo E3/3
diabetic patients, 5 apo E3/2 nondiabetic subjects, 6 apo E3/2 diabetic
patients, 5 apo E2/2 nondiabetic subjects, and 4 apo E2/2 diabetic
patients. The apo E2/2 genotype is extremely rare in Japanese
(0.14%)'?> compared with Caucasians (0.72%) and, therefore, only 4
apo E2/2 diabetic patients were found for the present study. All diabetic
patients were diagnosed as having type 2 diabetes because they had no
history of ketoacidosis and had a 24-hour urinary C-peptide excretion
rate of more than 20 ug. One of the 6 apo E3/3 diabetic subjects was
treated with diet alone, 2 took oral agents, and 3 were on insulin. One
of the 6 apo E3/2 diabetic patients was treated with diet alone, 4 took
oral agents, and 1 was on insulin. One of the 4 apo E2/2 diabetic
patients was treated with diet alone, 1 took oral agents, and 2 were on
insulin. None of the subjects was on lipid-lowering agents or antioxi-
dants. None of the subjects had elevated levels of serum creatinine,
abnormal liver or endocrine function. Nondiabetes was diagnosed
according to a 75-g oral glucose tolerance test. All subjects were
Japanese and were on a Japanese diet. Diabetic and obese patients were
advised to restrict total caloric intake. The characteristics and plasma
lipid levels in these groups are presented in Table 1. The study protocol
was approved by the local ethical review committee, and the study was
performed according to the principle of the Declaration of Helsinki. All
subjects participated in the study after giving informed consent.

Measurement of Lipids, Lipoproteins, RLP-Chol,
and Other Parameters

Blood samples were collected after an overnight fast. Fasting plasma
glucose was measured by the glucose-oxidase method. Glycosylated
hemoglobin (HbA,.) was measured by high-performance liquid chro-
matography. Plasma TG and total chol were measured enzymatically.
Plasma high-density lipoprotein (HDL)-chol was measured by the
precipitation method. Plasma RLP-chol was measured by the method of
Nakajima et al.? Polyacrylamide gel electrophoresis using plasma from
the apo E2/2 subjects was performed for the diagnosis of type III HLP.
The VLDL (density < 1.006 g/mL) fraction was separated by ultra-
centrifugation.

Apo E Phenotyping and Genotyping

Using the delipidated VLDL fraction isolated as described above,
apo E phenotypes were determined using our rapid flat gel isoelectric
focusing method.'® Apo E genotypes were determined by the polymer-
ase chain reaction-restriction fragment length polymorphism (PCR-
RFLP) method reported by Hixon et al.'” If apo E phenotypes and
genotypes are not matched, this suggests that there is another mutation
in apo E. However, both were matched in all cases in the present study.

Isolation of RLP

One-milliliter capacity columns of the immunoaffinity gel mixture of
anti-apo B100 and anti-apo AI monoclonal antibodies coupled to
Sepharose 4B (kindly provided by Japan Immunoresearch Laborato-
ries, Gunma, Japan) were prepared and maintained at 10°C. Fresh
serum samples (250 wL) were applied to the affinity column, and the
unbound fraction (RLP) was eluted with 10 mL of 10 mmol/L phos-
phate buffer, pH 7.3. The bound lipoproteins were then eluted with 3
mol/L NaSCN containing bovine serum albumin (BSA) (1 mg/mL), pH
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7.4. The unbound fraction contained an apo E-rich population of
remnant-like lipoproteins containing apo B-100, as well as TG-rich
lipoproteins containing apo B-48 and thus, they represent chylomicron
and VLDL RLP.2318 The unbound lipoproteins (RLP) were concen-
trated and then used within 24 hours for a study on the ability to
stimulate cholesteryl ester synthesis in macrophages.

Human Monocyte-Derived Macrophages

Human monocytes were isolated by density gradient centrifugation
from blood of healthy donors by the method of Boyum.!” Twenty-
milliliter aliquots of blood (anticoagulated with 10 U/mL heparin) were
layered over 15 mL of Ficoll-Paque (Pharmacia Biotech, Uppsala,
Sweden) and centrifuged at 500 X g for 30 minutes at room temper-
ature. The mixed mononuclear cell band was removed, and the cells
were washed twice in phosphate-buffered saline (PBS) buffer. Then
3 X 10° cells were seeded into each well of 24-well plates with
RPMI-1640 culture medium. After a 2-hour incubation at 37°C under
5% CO, and 95% air, nonadherent cells were removed, and the adher-
ent cells were incubated in RPMI-1640 containing 20% autologous
serum and fed twice weekly with the same medium. Human monocyte-
derived macrophages were used for experiments within 10 to 12 days
of plating. Two days before the experiments, the medium was replaced
by the medium containing 5 mg/mL of human lipoprotein-deficient
serum.

Effects of RLP on Cholesteryl Esters Synthesis
in Macrophages

The effect of RLP on cholesteryl esters synthesis in macrophages
was estimated by measurement of the stimulation of '*C-oleate incor-
poration into cholesteryl esters.?? For each subject, RLP, which were
sterilized by passage through a 0.45-um Millipore (Bedford, MA)
filter, were adjusted to 20 mg/mL chol in RPMI-1640 culture medium.
Macrophages were incubated for 24 hours at 37°C with RLP in RPMI-
1640 culture medium. After removing the medium and washing with
RPMI-1640 culture medium, the cells were incubated for 2 hours at
37°C with '*C-oleate (0.2 mmol/L, 10 mCi/mL oleate in the presence
of 0.07 mmol/L BSA) and incorporation of the radiolabel into cellular
14C-cholesteryl esters was measured.2’ Values are expressed as nmoles
of 'C-oleate incorporated into '*C-cholesteryl esters/mg cell protein,
which was measured by the method of Lowry et al.2! All results are
presented as the mean of triplicate determinations.

Statistical Analysis

All values are expressed as the mean = SEM. Statistical compari-
sons between multiple groups were made by analysis of variance
(ANOVA). Multiple comparisons were made. Analysis was performed
using standard statistical software packages (SAS Institute, Cary,
NC).22 P < .05 was considered significant.

RESULTS
Clinical Characteristics

Characteristics of the 3 (apo E3/3, E3/2, and E2/2) nondia-
betic groups and 3 (apo E3/3, E3/2, and E2/2) diabetic groups
are shown in Table 1. The levels of fasting plasma glucose were
significantly higher in diabetic groups compared with nondia-
betic groups. The levels of fasting plasma glucose and HbA, .
were not significantly different among the 3 diabetic groups.
The age and body mass index (BMI) were not significantly
different among the 6 groups. Plasma levels of TG and total
chol were not significantly different among the 5 groups except
the apo E2/2 diabetic group. The apo E2/2 diabetic group had
significantly higher plasma levels of TG than apo E3/3 and
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Table 1. Characteristics of Nondiabetic Subjects and Type 2 Diabetic Patients

Apo E3/3

Apo E3/2 Apo E2/2

Nondiabetes Type 2 Diabetes

Nondiabetes

Type 2 Diabetes Nondiabetes Type 2 Diabetes

No. (M/F) 7 (5/2) 6(3/3) 5 (4/1) 6(3/3) 5 (4/1) 4(3/1)
Age (yr) 50 = 3 54 + 3 51 = 2 57 +7 52 = 6 61=5
BMI (kg/m?) 222+ 1.1 22.6 + 2.0 23.1+0.7 247 + 2.0 246+ 1.4 25.0 + 1.2
FPG (mg/dL) 87 +2 166 + 19* 93+3 139 + 7% 92+3 169 + 19*
HbA, . (%) - 82+ 05 - 8.0+04 - 8.2+ 0.6
Total chol (mg/dL) 171+ 3 192 + 15 168 = 14 175 = 11 195 = 20 246 + 351
Triglyceride (mg/dL) 113 + 32 138 + 18 154 + 46 162 + 39 212 + 59 389 + 83§
HDL-chol (mg/dL) 57 =5 50 + 4 59 = 7 47 + 4 53 = 3 50 = 7

NOTE. Values are mean =+ SE.
Abbreviations: BMI, body mass index; FPG, fasting plasma glucose.
*P < .01 v nondiabetes within the same apo E genotype.

TP < .05 v apo E3/3 nondiabetes, apo E3/2 nondiabetes, and apo E3/2 diabetes.

$P < .01 v apo E3/3 nondiabetes and apo E3/3 diabetes,
8P < .05 v apo E3/2 nondiabetes and apo E3/2 diabetes.

E3/2 nondiabetic groups and apo E3/3 and E3/2 diabetic
groups. Similarly, the apo E2/2 diabetic group had significantly
higher plasma levels of total chol than the apo E3/3 and E3/2
nondiabetic groups and the apo E3/2 diabetic group. There was
no significant difference in plasma levels of TG and total chol
between the apo E2/2 nondiabetic and apo E2/2 diabetic
groups. Plasma levels of HDL-chol were not significantly dif-
ferent among the 6 groups. All of the apo E2/2 patients had
high levels of plasma TG and a broad B band pattern on
polyacrylamide gel electrophoresis, indicating type III HLP.
There were no significant differences in all parameters except
for fasting plasma glucose between nondiabetic and diabetic
groups within the same apo E genotype.

Plasma Levels of RLP-Chol

As shown in Fig 1, the apo E3/3 diabetic group (10.5 mg/dL)
had significantly higher plasma levels of RLP-chol (normal
range, less than 7.5 mg/dL) than the apo E3/3 nondiabetic
group (5.0 mg/dL). In addition, the apo E3/2 diabetic group
(20.2 mg/dL) had significantly higher plasma levels of RLP-
chol than the apo E3/3 and E3/2 (9.8 mg/dL) nondiabetic
groups and the apo E3/3 diabetic group. The apo E2/2 nondi-
abetic group (28.9 mg/dL) had significantly higher plasma
levels of RLP-chol than the apo E3/3 and E3/2 nondiabetic
groups and the apo E3/3 diabetic group. The apo E2/2 diabetic
group (50.1 mg/dL) had significantly higher plasma levels of
RLP-chol than the apo E3/3 and E3/2 nondiabetic groups and
the apo E3/3 and E3/2 diabetic groups.

There were significant differences in plasma levels of RLP-
chol between the nondiabetic and diabetic groups within the
apo E3/3 or apo E3/2 genotype, but no significant difference
between nondiabetic and diabetic groups within the apo E2/2
genotype was noted.

Effects of RLP on Cholesteryl Esters Synthesis
in Macrophages

The effect of RLP from nondiabetic and diabetic subjects
with the apo E3/3 or apo E2 genotypes on cholesteryl ester
synthesis in macrophages was assessed. In the present study,
chol content in the medium was matched to avoid the quanti-

tative effect of RLP on its synthesis in macrophages. As shown
in Fig 2, RLP from the apo E3/3 diabetic group (0.326 nmol/mg
cell protein) enhanced cholesteryl ester synthesis more signif-
icantly compared with those from the apo E3/3 nondiabetic
group (0.181 nmol/mg cell protein). Similarly, RLP from the
apo E3/2 diabetic group (0.490 nmol/mg cell protein) enhanced
cholesteryl ester synthesis in macrophages more significantly
compared with those from the apo E3/3 and E3/2 (0.253
nmol/mg cell protein) nondiabetic groups or the apo E3/3
diabetic group. Likewise, RLP from the apo E2/2 nondiabetic
group ( 0.445 nmol/mg cell protein) enhanced cholesteryl ester
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Fig 1. Plasma levels of RLP-chol in apo E3/3 nondiabetic and

diabetic subjects and apo E2 nondiabetic and diabetic subjects. (a)
P < .05 v apo E3/3 nondiabetes; (b) P < .05 v apo E3/3 diabetes and
apo E3/2 nondiabetes; (c) P < .01 v apo E3/3 nondiabetes; (d) P < .05
v apo E3/3 diabetes and apo E3/2 nondiabetes; (e) P < .01 vapo E3/3
nondiabetes; (f) P < .05 v apo E3/2 diabetes; (g) P < .01 v apo E3/3
nondiabetes, apo E3/3 diabetes, and apo E3/2 nondiabetes.



RLP, APO E GENOTYPES, AND DIABETES

0.8 -
1 e f

> 0.7

Y ~~

& 'c

S = 06

£%

o3

8 =

£8 %

c o

Q£

2N 04

58 |

5 E

g £ 031

Cw

© @

Pl e 0.2 4

S 3

9

(&} 4
< 0.1

0.0
Apo E3/3 Apo E3/2 Apo E2/2
Non- Diabetes Non- Diabetes Non- Diabetes
diabetes diabetes diabetes

Fig 2. Effects of RLP from apo E3/3 nondiabetic and diabetic
subjects and apo E2 nondiabetic and diabetic subjects on cholesteryl
ester synthesis in human monocyte-derived macrophages. (a) P < .01
v apo E3/3 nondiabetes; (b) P < .01 v apo E3/3 nondiabetes, apo E3/3
diabetes, and apo E3/2 nondiabetes; (c) P < .05 v apo E3/3 diabetes;
(d) P < .01 vapo E3/3 nondiabetes and apo E3/2 nondiabetes; (e) P <
.05 v apo E3/2 diabetes and apo E2/2 nondiabetes; (f) P < .01 v apo
E3/3 nondiabetes, apo E3/3 diabetes, and apo E3/2 nondiabetes.

synthesis more significantly compared with those from the apo
E3/3 and E3/2 nondiabetic groups or the apo E3/3 diabetic
group. There was no significant difference in the ability of RLP
to enhance cholesteryl ester synthesis in macrophages between
the apo E3/2 diabetic group and the apo E2/2 nondiabetic
group. In addition, RLP from the apo E2/2 diabetic group
(0.674 nmol/mg cell protein) enhanced cholesteryl ester syn-
thesis more significantly compared with those from the other 5
groups.

There were significant differences in the ability of RLP to
enhance cholesteryl ester synthesis between the nondiabetic
and diabetic groups within the same apo E genotype.

DISCUSSION

Because apo E2 is a factor associated with an increase in
plasma remnant lipoproteins,?3-24 we first compared the plasma
levels of RLP-chol between apo E3/3 (wild type) subjects with
and without diabetes mellitus to exclude the effect of apo E2.
Apo E3/3 diabetic patients had significantly higher plasma
levels of RLP-chol than apo E3/3 nondiabetic subjects. This
finding supports the report that plasma RLP-chol is elevated in
type 2 diabetes.® The investigators found elevation of both
RLP-chol and TG in type 2 diabetes.® However, in the present
study, no significant difference in plasma TG levels was noted
between the apo E3/3 nondiabetic and diabetic subjects, indi-
cating the possibility that an increase of RLP-chol may occur in
advance of an increase of TG in diabetes.
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Macrophages are precursors of arterial wall foam cells and
play an important role in the formation of early events in the
process leading to atherosclerosis.?> TG-rich lipoproteins in-
cluding VLDL, chylomicron remnants, and VLDL remnants,?°
as well as modified LDL, such as acetylated or oxidated LDL,?>
are taken up by receptor-mediated mechanisms, resulting in
massive cholesteryl ester accumulation in macrophages. Ac-
cordingly, the ability of RLP obtained from the apo E3/3
diabetic patients to enhance cholesteryl ester synthesis in mac-
rophages was estimated. The present study showed that RLP
from apo E3/3 diabetic patients was more effective in enhanc-
ing cholesteryl ester synthesis in macrophages compared with
those from the apo E3/3 nondiabetic subjects. Cholesterol con-
tent in the medium was matched in all cellular experiments and,
therefore, this finding indicates that RLP from diabetic patients
may be qualitatively more atherogenic than those from nondi-
abetic subjects. RLP have been reported to be closely associ-
ated with myocardial infarction in vasospastic angina,* coro-
nary atherosclerosis in cases of sudden cardiac death,> coronary
events in patients with coronary artery disease,® and cardiovas-
cular disease in women in the Framingham Heart Study.”
Increased plasma levels of RLP-chol in apo E3/3 diabetic
patients and enhanced uptake of RLP from apo E3/3 diabetic
patients by macrophages observed in the present study suggest
that RLP are one of the potential atherogenic factors in type 2
diabetes.

Second, in nondiabetes, the effect of apo E2 on plasma levels
of RLP-chol and on the ability of RLP to stimulate cholesteryl
ester synthesis in macrophages was investigated. A close asso-
ciation of apo E2/2 homozygote with RLP was also observed in
nondiabetes. Apo E2/2 nondiabetic subjects had significantly
higher plasma levels of RLP-chol than apo E3/3 and E3/2
nondiabetic subjects, and RLP from apo E2/2 nondiabetic sub-
jects was more effective in enhancing cholesteryl ester synthe-
sis in macrophages compared with those from apo E3/3 and
E3/2 nondiabetic subjects. Apo E2/2 nondiabetic subjects had
type III HLP. This finding is in line with a recent report that
plasma levels of RLP were high in type III HLP?7 and is the
first demonstration that uptake of RLP from type III HLP
subjects is enhanced. This agrees with clinical observations that
type III HLP subjects are susceptible to atherosclerosis.

Third, the effects of apo E2, in addition to diabetes, on
plasma levels of RLP-chol and on the ability of RLP to stim-
ulate cholesteryl ester synthesis in macrophages were studied.
Apo E3/2 diabetic patients had significantly higher plasma
levels of RLP-chol compared with apo E3/3 and E3/2 nondia-
betic subjects or apo E3/3 diabetic patients. Apo E2/2 diabetic
patients had typical type III HLP and the highest levels of
RLP-chol. This finding that apo E2 increases RLP in diabetes
agrees well with the previous reports in which we indirectly
showed increased remnant lipoproteins in diabetic patients with
apo E2.14.15.28 In addition, RLP from apo E2 (E3/2 and E2/2)
diabetic patients was more effective in promoting cholesteryl
ester synthesis in macrophages compared with apo E3/3 non-
diabetic and diabetic patients and apo E3/2 nondiabetic patients
with cholesterol content in the medium being equal. This was
even greater when RLP from apo E2/2 diabetic patients was
used. In diabetes, a gene dose effect of apo E2 on plasma levels
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of RLP-chol and uptake of RLP by macrophages was present
(apo E3/3 < apo E3/2 < apo E2/2). These findings indicate that
apo E2 may predispose diabetic patients to increased remnant
lipoproteins in plasma and enhanced uptake of RLP by mac-
rophages to promote atherosclerosis. It was also found that RLP
from apo E2/2 diabetic patients with type III HLP enhanced
cholesteryl ester synthesis in macrophages to a greater extent
compared with RLP from apo E2/2 nondiabetic subjects with
type III HLP. This is also the first demonstration that RLP from
type III HLP with diabetes may be qualitatively more athero-
genic than those from type III HLP without diabetes.

Increased amounts of remnant lipoproteins in plasma of type
2 diabetic patients with apo E2 genotypes may be the result of
overloading of TG-rich lipoproteins due to overproduction
and/or decreased removal in the diabetic state,2® and in addi-
tion, the result of a reduced binding ability of apo E2 to the
LDL or remnant receptors.'3 The mechanism by which RLP
from diabetic patients with apo E2 genotypes enhanced cho-
lesteryl ester synthesis in macrophages is unknown. The
present study suggests that there are qualitative differences in
RLP. Remnant lipoproteins from diabetes may have greater
content of apo E' and may undergo glycation and further
oxidation,3° and this may be enhanced by the presence of apo
E2 because apo E2 may cause delayed metabolism of remnant
lipoproteins. At our institute, further studies are in progress to
clarify this phenomenon.

Apo E2 homozygote, E2/2, is well known to contribute to
type III HLP and atherosclerosis, but the role of apo E2
heterozygote, E3/2, in atherosclerosis is not very clear.?! In
general, association of apo E2 with atherosclerosis is not
thought to be as strong as apo E4 because of the lowering effect
of apo E2 on LDL.?3-2* However, It seems that apo E3/2 may
increase plasma remnant lipoproteins and thus be associated
with atherosclerosis, particularly in Japanese if apo E3/2 sub-
jects are exposed to additional environmental or genetic risk
factors. Kameda et al3? reported a higher frequency of apo E3/2
and increased plasma IDL in Japanese survivors of myocardial
infarction. We previously reported that Japanese patients with
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ischemic heart disease had a higher frequency of apo E3/2 and
had dyslipidemia similar to type III HLP.33 In addition, we
reported that TG-rich lipoproteins from apo E3/2 subjects with
hypertriglyceridemia enhanced cholesteryl ester synthesis in
macrophages.3* In Caucasians, Haffner et al3> reported that apo
E3/2 patients with familial combined hyperlipidemia had in-
creased susceptibility to atherosclerosis. Likewise, Andrade et
al3¢ and Hanon et al3” reported that apo E3/2 was associated
with carotid artery atherosclerosis. The present study indicated
that if apo E3/2 subjects had diabetes mellitus, they were likely
to have increased plasma remnant lipoproteins and qualitatively
more atherogenic remnant lipoproteins. It is of great interest
that atherogenicity of RLP from apo E3/2 patients with diabetes
was almost equal to that of those from apo E2/2 type III HLP
patients without diabetes. Recently, we found that the apo E3/2
genotype is closely associated with daibetic nephropathy,38-3°
which has been supported in Caucasian diabetic patients.*0
Therefore, the apo E3/2 genotype may have an important role
in the pathogenesis of diabetic vascular complications. Further
studies are needed to understand the effect of apo E2 on
diabetic macro- and microangiopathy.

In conclusion, type 2 diabetes was associated with increased
RLP-chol in plasma and atherogenic RLP. In nondiabetes, apo
E2/2 contributes to increased plasma RLP-chol and atherogenic
RLP. In diabetes, additional effects of apo E2 to increase
RLP-chol in plasma and to enhance the uptake of RLP by
macrophages are present. Apo E2/2 diabetic patients with type
III HLP showed increased uptake of RLP by macrophages
comapred with apo E2/2 nondiabetic patients with type III
HLP. This may help explain the increased risk of cardiovascu-
lar disease seen in apo E2/2 diabetic patients with type III HLP.
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