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Abstract

The presence of small dense low-density lipoprotein (sdLDL) is closely associated with an increased risk of developing coronary artery
disease. The Trp64Arg polymorphism of the Ss-adrenergic receptor (B5-AR) gene is a genetic marker for obesity-related traits. However,
any possible association between this polymorphism and sdLDL profiles is unclear. The objective of this study is to investigate the effects
of the polymorphism of the ;-AR gene on LDL particle size and sdLDL in a rural Japanese population. Among 277 subjects, body mass
index, blood pressure, fasting serum insulin levels, and insulin resistance index (fasting glucose x fasting insulin/405) were determined.
The polymorphism of the ;-AR gene was assessed by polymerase chain reaction—restriction fragment length polymorphism using buccal
samples. Low-density lipoprotein particle size and sdLDL were measured with the electrophoretic separation of lipoproteins on the
LipoPrint System (Quantimetrix, Redondo Beach, CA). The frequency of the B;-AR allele was 0.19. In Arg carriers (Trp/Arg or Arg/Arg),
the mean value of LDL particle size was smaller than that of non-Arg carriers (7rp/Trp) (P < .05). The area percentage of sdLDL was
higher in Arg carriers (P < .05) than in non-Arg carriers. A multiple regression analysis showed that the area percentage of sdLDL was
correlated with the polymorphism of the B;-AR gene (P < .05), independently of age, sex, body mass index, smoking, and insulin
resistance index. The present findings suggest that the 5-AR gene polymorphism plays a role in the genetic predisposition to increased
sdLDL, independently of insulin resistance.
© 2007 Elsevier Inc. All rights reserved.

1. Introduction

In the B;-adrenergic receptor (33-AR) gene, the replace-
ment of tryptophan by arginine (Trp64Arg) was first
demonstrated in 1995 in the Pima Indian population.
Those with this polymorphism have an early onset of non—
insulin-dependent diabetes mellitus and a tendency to have a
low metabolic rate [1]. In a study on the association of the
Trp64Arg polymorphism with body mass index (BMI) in the
Japanese population, BMI was found to be significantly
higher in Arg carriers (Tip/Arg or Arg/Arg) than in non-Arg

* Corresponding author. Tel.: +81 75 641 9161; fax: +81 75 645 2781.
E-mail address: nsakane@kyotolan.hosp.go.jp (N. Sakane).

0026-0495/$ — see front matter © 2007 Elsevier Inc. All rights reserved.
doi:10.1016/j.metabol.2007.07.012

carriers (7rp/Trp) [2]. This polymorphism is also associated
with abdominal obesity and resistance to insulin [3], an
increased capacity to gain weight [4], and difficulty in weight
loss [5,6].

Individuals with a predominance of small dense low-
density lipoprotein (sdLDL) particles appear to be at
increased risk for coronary artery disease, independent of
the absolute concentration of LDL cholesterol, sex, and age
[7,8]. The size of sdLDL particles has been associated with
the presence of diabetes mellitus [9,10] and diabetic
nephropathy [11-13].

Heterogeneity in LDL was first identified in the late
1940s with an analytical ultracentrifuge [14] and later by
density gradient ultracentrifugation and gradient gel


mailto:nsakane@kyotolan.hosp.go.jp
http://dx.doi.org/10.1016/j.metabol.2007.07.012

1690 K. Tsuzaki et al. / Metabolism Clinical and Experimental 56 (2007) 1689—-1693

electrophoresis [15,16]. The combined application of these
techniques established that LDL exists in the plasma of all
individuals as a small number of discrete populations or
subclasses and led to a consensus on the classification of
LDL subclasses based on density.

Controversy exists regarding the association between the
Trp64Arg polymorphism of the 5-AR gene and triglyceride
levels. In Japanese patients with non—insulin-dependent
diabetes mellitus, this polymorphism is associated with
higher serum triglyceride levels and decreased high-density
lipoprotein (HDL) cholesterol levels [17]. On the other hand,
this polymorphism had no apparent effect on triglyceride
levels in Japanese patients with schizophrenia [18].

The association between the polymorphism of the ;-AR
gene and the sdLDL profile is unclear. Thus, we investigated
the effect of the polymorphism on LDL particle size and area
of sdLDL.

2. Subjects and methods
2.1. Study subjects

All participants were recruited through an annual health
checkup in Mima city, Tokushima prefecture, Japan. A total
of 287 Japanese subjects (127 men, aged 24-88 years; 160
women, aged 27-83 years) participated in this study. All
subjects were recruited from among rural community—
dwelling volunteers. Eligible subjects were subjectively
healthy without any known history or clinical features of
metabolic, cardiovascular, kidney, and liver disease. Subjects
taking drugs known to influence sdLDL were excluded.
However, subjects receiving a small amount of statin such as
pravastatin were included because a population-based study

previously found no effects of statin use on sdLDL [19].
Medical information was carefully checked through a
questionnaire and medical records by trained professionals.
The study protocol was approved by the ethics committee of
the National Hospital Organization Kyoto Medical Center.
All the subjects signed an informed consent form after being
fully informed about all aspects of the study before enrolling.
After an overnight fast, body weight and height were
measured using a body fat analyzer (Omron, Kyoto City,
Japan). Body mass index was calculated as weight divided
by squared height (kilograms per square meter). Blood
pressure was measured 3 times at 10-minute intervals using a
mercury sphygmomanometer. Venous blood samples were
then drawn to measure blood glucose and serum insulin
levels. Blood glucose was measured by the hexokinase
method (Shino-Test, Tokyo, Japan), and the serum insulin
concentration was assayed by chemiluminescent immunoas-
say (Bayer Medical, Tokyo, Japan). Serum total cholesterol
levels (Wako Pure Chemical Industries, Osaka City, Japan)
and HDL cholesterol, LDL cholesterol, and triglyceride
levels (Daiichi Pure Chemicals, Tokyo, Japan) were
determined by enzymatic methods. The insulin resistance
index was calculated according to Matthews et al [20]
(fasting glucose x fasting insulin/405). Medical histories
were confirmed by a public heath questionnaire or interview.

2.2. Determination of LDL subfractions and particle size

Both the area percentage of LDL and the mean size of LDL
particles were measured with the LipoPrint System (Quanti-
metrix, Redondo Beach, CA) according to the procedure of
Son et al [21]. Briefly, 25 uL of serum sample and 200 uL of
LipoPrint loading gel were applied to each 3% polyacryla-
mide gel tube and then mixed several times. Afterward, these
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Fig. 1. A typical pattern representing sdLDL and not representing sdLDL imaged by the LipoPrint System. Lipoprotein profiles consist of 1 very low-density
lipoprotein, 3 midband (MID), a maximum of 7 LDLs, and 1 HDL in the LipoPrint System. The subfractions have been named LDL-1, consisting of the largest
particles, through LDL-7, consisting of the smallest particles. Individuals with mainly the larger, buoyant LDL-1 and LDL-2 subfractions have been designated
as type A (A), whereas those with predominantly smaller subfractions (LDL-3 through LDL-7) have been designated as #ype B (B) in the LipoPrint System.
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samples were photopolymerized at room temperature for
30 minutes and then electrophoresed for 65 minutes (3 mA
per gel tube). After the electrophoresis was completed,
scanning was done with a ScanMaker 1900 (Microtek,
Carson, CA); and the lipoprotein subfractions were analyzed
by an iMac personal computer (Apple Computer, Cupertino,
CA). Representative profiles of lipoprotein subfractions are
shown in Fig. 1. Each of the LDL subfractions was calculated
with an Rf between the very low-density lipoprotein fraction,
whose Rf was 0.0, and the HDL fraction, whose Rf was 1.0.
Low-density lipoprotein is distributed from Rf0.32 to Rf0.64
as 7 bands, whose Rfs are 0.32, 0.38, 0.45, 0.51, 0.56, 0.60,
and 0.64; they are designated as LDL-I to LDL-7. The
predictable LDL particle size from LDL-1 to LDL-7 was
27.7,26.1,24.5,23.0,21.8,20.7, and 18.7 nm, respectively.
Low-density lipoprotein 1 and LDL-2 are defined as large
LDL, and LDL-3 to LDL-7 are defined as sdLDL. The
determination of sdLDL was defined as a particle size of less
than 25.5 nm from the LDL-3 to LDL-7 subfractions and
calculated relative to the total sum of sdLDL.

2.3. Genotype measurements

Each DNA sample was obtained from the oral mucosa
using a BuccalAmp DNA Extraction Kit (AR Brown, Tokyo,

Japan). The Trp64Arg polymorphism of the 5;-AR gene was
determined by a polymerase chain reaction (PCR)-restric-
tion fragment length polymorphism analysis with the
restriction enzyme Mval according to our previously reported
method [22]. The primers for PCR were 5'-CCAATACCGC-
CAACACCAGT-3' (upstream) and 5'-AGGAGTCCCAT-
CACCAGGTC-3' (downstream), which flank the whole of
exon 1 of the 3-AR gene. Genomic DNA (100 ng) in a total
volume of 20 ul. was used for PCR. Polymerase chain
reaction was performed with initial denaturation at 94°C for
5 minutes; 30 cycles at 94°C for 30 seconds, 67°C for
30 seconds, and 72°C for 30 seconds; and a final extension at
72°C for 10 minutes. We then incubated 5 uL of the PCR
product for 1 hour with 10 U of Mval at 37°C in a final
volume of 10 uL without further purification. The samples
were run on a 3.0% agarose gel, stained with ethidium
bromide, and analyzed under ultraviolet light. In the presence
of the polymorphism, the restriction site of Mval is lost;
therefore, the allele of this polymorphism corresponds to the
158—base pair undigested band.

2.4. Statistical analysis

All of the statistical analyses were performed with the
Statistical Package of Social Science (SPSS for Windows,

Table 1
Physical and biochemical characteristics of the study subjects by B5-AR genotype
Trp/Trp TrplArg ArglArg Trp/Arg + Argldrg P
n 180 89 8 97
Sex (male/female)? 75/105 43/46 5/3 48/49 212
Age (y) 64.3 +13.1 66.0 +13.0 69.0 + 7.1 66.3 +12.6 230
Smoking (none/past/current)” 141/13/26 61/15/13 7/0/1 68/15/14 464
Use of statin (none/treatment)* 165/15 73/16 71 80/17 .030
BMI (kg/m®) 242 +32 23.7+2.9 22.8+19 23.6+2.8 150
Fasting plasma glucose (mmol/L) 5.6+1.7 54+1.5 6.6 +4.4 55+1.9 .644
Systolic blood pressure (mm Hg) 139.3 £20.9 137.2 £ 18.0 136.8 £19.8 137.2 £ 18.1 392
Diastolic blood pressure (mm Hg) 779 +11.8 75.4 +10.7 76.8 £13.9 75.5+11.0 .105
HbA . (%) 5.66 = 1.20 5.54+1.04 5.81+1.01 5.56 +1.04 489
HOMA-IR 2.01 +1.89 1.98 + 3.80 4.02 +7.71 2.15+4.23 11
Total cholesterol (mmol/L) 4.79 £ 0.88 4.94 £0.88 473 £1.16 493 +£091 231
HDL cholesterol (mmol/L) 1.40 +0.03 1.39 +£0.38 1.30 £ 0.45 1.39 +£0.38 728
Triglycerides (mmol/L) 1.10 = 0.49 1.24 +£0.74 1.10 + 0.46 1.23+£0.72 .079
LDL subfractions (% of total lipoprotein)
Large LDL
LDL-1 19.01 +4.58 18.19 £ 4.95 18.24 +5.52 18.19 £ 4.97 173
LDL-2 19.35 + 4.59 19.86 + 4.47 19.88 +4.88 19.86 + 4.48 373
Area of large LDL 38.35 +5.81 38.05 + 6.63 38.11 £4.77 38.05 + 6.48 .694
sdLDL
LDL-3 5.46 £3.47 6.53 +£3.73 6.34 +4.35 6.51 +3.76 .021
LDL-4 1.12 +£2.07 1.91 £2.92* 1.28 £2.37 1.86 £ 2.87 .015
LDL-5 0.24 + 1.04 0.32 +0.98 0.14 +0.39 0.31 +£0.95 619
LDL-6 0.03 +0.20 0.01 +0.08 0.00 + 0.00 0.01 +0.01 352
LDL-7 0.01 +0.07 0.00 & 0.00 0.00 + 0.00 0.00 £ 0.00 464
Area of sdLDL 6.86 +5.79 8.77 £ 6.97 7.75 + 6.89 8.68 £6.93 .021
Mean of LDL particle size (nm) 26.51 £0.45 26.37 £0.50 26.46 = 0.50 26.38 £ 0.50 .030

Data are n or means = SD. P values were based on a comparison between non-Arg carriers (7rp/Trp) and Arg carriers (Trp/Arg + Arg/Arg). HbA. indicates

hemoglobin Aj..
* %2 analysis was performed.
* P =.040 (vs Tip/Tip).
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version 11.0, SPSS, Chicago, IL). Data are expressed as
means + SD. Student unpaired 7 test was used to analyze the
difference in continuous variables between the non-Arg
carriers (7rp/Trp) and the Arg carriers (Trp/Arg or Arg/Arg).
A multiple regression analysis controlled for age, sex, BMI,
and a history of cigarette smoking was performed to evaluate
the effects of the fB;-AR gene polymorphism on LDL
subfractions. P <.05 was accepted as statistically significant.

3. Results

The frequency of the Trp64Arg allele was 0.19 with
respect to the f3-AR polymorphism. One hundred eighty
(65.0%) subjects were Trp64 homozygotes (Tip/Trp), 89
(32.1%) were Trp64Arg heterozygotes (7rp/Arg), and 8
(2.9%) were Arg64 homozygotes. This distribution was in
Hardy-Weinberg equilibrium.

The physical and biochemical characteristics of all the
subjects are listed in Table 1. There were no differences
between non-Arg carriers (7rp/Trp) and Arg carriers (Trp/
Arg or Arg/Arg) in sex distribution, age, BMI, fasting
plasma glucose levels, systolic blood pressure, diastolic
blood pressure, hemoglobin A, total cholesterol levels,
HDL cholesterol levels, and homeostasis model assessment
of insulin resistance (HOMA-IR). Triglyceride levels were
higher, but not significantly so, in the carriers (P = .079).

The mean size of LDL particles was significantly smaller
in Arg carriers than in non-Arg carriers (P <.05, Table 1). In
the LDL subfraction, the area of sdLDL was larger in the
carriers (Table 1). Although the prevalence of the use of
statin in Arg carriers (16/89 [18.0%] in Trp/Arg, 1/8 [12.5%]
in Arg/Arg genotype) was higher than that in non-Arg
carriers (15/180 [8.3%] in Trp/Trp) (P = .030, Table 1), the
area of sdLDL was larger in Arg carriers than in non-Arg;
and the sdLDL particle size was not different by carrying
Arg among subjects with statin use.

When adjustments were made for age, sex, BMI, smoking
history, and HOMA IR in a multiple regression analysis, a
significant positive association was found between the
Trp64Arg polymorphism of the f;-AR gene and the area
of sdLDL (P <.05, Table 2).

Table 2

The area of sdLDL and correlated variables in a multiple regression analysis
Explanatory variable Regression coefficient (95% CI) P
Intercept 5.023 (—2.837~12.883) 209
Age —0.003 (—0.063~0.058) 925
Sex 1.388 (—0.444~3.220) 137
BMI 0.056 (—0.193~0.305) .660
Smoking —0.154 (—2.317~2.010) .889
HOMA IR 0.122 (=0.136~0.379) 353
Arg allele 1.741 (0.164~3.319) 031

Smoking was scored as follows: never/past = 0, current = 1. CI indicates
coefficient interval.

4. Discussion

First, we investigated the relationship between the
Trp64Arg polymorphism of the f;-AR gene and the area
percentage of sdLDL. The allelic frequency of Trp64Arg was
0.19. This result is consistent with previous studies on
Japanese subjects [6,22-26]. This polymorphism may play
an important role in Japanese people as well as Pima Indians.

Second, the mean size of LDL particles was smaller in
Arg carriers than in non-Arg carriers (Table 1). This result
is consistent with a previous study [27], although the method
used in the determination of LDL particle size (at the peak
size by electrophoresis using nondenaturing 2% to 16%
polyacrylamide gradient gels in plasma samples [28], as
originally described by Krauss and Burke [15]) was
different. For the LipoPrint System, this is the first
description that the area of sdLDL was larger in Arg carriers
than in non-Arg carriers, as shown in Table 1. In this study,
whereas the prevalence of the use of statin was higher in Arg
carriers than in non-Arg carriers, the area of sdLDL was
larger in Arg carriers than in non-Arg carriers. In taking
together the previous result on weak effects of statin on
sdLDL in a general population [19], we believe that the statin
use did little to affect our study results. Moreover, the
Trp64Arg polymorphism of the B;-AR gene is significantly
associated with the area of sdLDL, independently of insulin
resistance. Okumura et al [27] reported that the significant
correlation between LDL particle size and the number of Arg
alleles disappeared after adjusting for the HOMA-IR,
triglyceride level, or fasting insulin level, or was weaker
after adjusting for BMI. These results indicated that the
association between the 33-AR gene and LDL particle size is
attributable to a close relationship of the polymorphism of
the pB;-AR gene to obesity or insulin resistance. This
discrepancy between our findings and the data of Okumura
et al [27] may be explained by the difference in study
subjects and the environment where they live. Packard and
Shepherd [29] explained the mechanism for the generation of
sdLDL, but the underlying details were unclear. The
Trp64Arg polymorphism of the ;-AR gene is reported to
be associated with weaker lipolytic activity [30]. Therefore,
as a possible mechanism, we speculate that the Trp64Arg
polymorphism acts as a dominant negative mutation in a
heterozygous manner and that this contributes to further
triglyceride accumulation in the liver with a decrease in
lipolytic activity, resulting in the production of sdLDL.

In conclusion, the present findings suggest that the
amount of sdLDL may increase in Arg carriers, indepen-
dently of insulin resistance. Further studies will be needed to
clarify the relationship between the Trp64 Arg polymorphism
of the B5-AR gene and sdLDL.
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