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located outside this LD block (Fig. 1B), we judged SCG3 to
be a candidate susceptibility gene for obesity. P values of 39
SNPs located in block 2 and the adjacent blocks 1 and 3 are
indicated in Fig. 1B. Among 40 genetic polymorphisms
within the SCG3 gene that we found and genotyped, 11 SNPs
[SNP-2 (rs16964465), 5 flanking —1203; SNP-5 (rs3809498), 5’
flanking —65; SNP-9 (rs16964476), intron 1 + 190; SNP-11
(s5j0011012), intron 1 + 478; SNP-12 (rs3214014), intron 1 +
605; SNP-16 (rs2305709), exon 4 + 351(11171); SNP-17
(rs3816544), intron 4 + 127; SNP-20 (rs2305715), intron 5 +
677; SNP-26 (rs2305719), intron 6 + 2677; SNP-27
(ssj0011013), intron & + 25; SNP-29 (rs3765067), intron 9 + 52]
were in almost complete linkage disequilibrium (A = 0.99~
1.0) with SNP-1 and also revealed significant associations
with obesity (Fig. 1B). For example, the frequency of the
subjects with the C/C genotype at SNP-2 was significantly
lower in the obesity group than the control group (odds ratio
9.23; 95% CI 2.77-30.80, x* 19.2, P = 0.0000067) (Supplemen-
tal Table 1, published as supplemental data on The Endocrine
Society’s Journals Online Web site at http:/ /jcem.endojour-
nals.org). The remaining SNPs showed no significant asso-
ciation with obesity. SNPs in the 5’-flanking region are
counted from the transcription initiation site. For SNPs in
introns, nucleotide positions are counted from the first in-
tronic nucleotide at the exon-intron junction and for SNPs in
exon regions, from the first exonic nucleotide (transcription
initiation site) according to sequence accession no.
AC020892.7 and NM_013243.2.

Regulatory effect of SNPs on SCG3 expression

Three SNPs (SNP-1, SNP-2, SNP-5) were located in the 5’
flanking region and three SNPs (SNP-9, SNP-11, SNP-12)
were located in intron 1 of SCG3 gene, regions that could
putatively affect transcriptional activity. To examine
whether these six SNPs would affect the transcriptional ac-
tivity, we performed a luciferase assay using the neuroblas-
toma cell-line SH-SY5Y, which has previously been shown to
express SCG3 (25). Between the major and minor alleles at
each locus, only the clones containing SNP-2 or SNP-9
showed significant differences in transcriptional activity
(Fig. 2A), and these differences were enhanced using the
plasmids containing four concatenated copies of these DNA
fragments, suggesting that SNP-2 and SNP-9 were able to
affect the transcriptional activity of the SCG3 gene. SCG3 was
also reported to be expressed in pancreatic B-cells (13); thus,
we performed the same experiments using the hamster pan-
creatic B-cell line, HIT-T15 (Fig. 2A). We observed similar
results, although the differences in the transcriptional activ-
ity between SNPs using HIT-T15 cells were smaller than
those seen in the SH-SY5Y cells, probably due to the species
difference.

To further investigate whether the regions containing each
of these six SNPs can act as target binding sites of nuclear
protein(s), we performed a gel-shift assay using SH-SY5Y cell
extract and oligonucleotides corresponding to genomic se-
quences that included major or minor alleles of each of the
six SNPs (SNP-1, SNP-2, SNP-5, SNP-9, SNP-11, and SNP-
12). The band corresponding to the minor allele (C allele) of
SNP-2 was more intense than that corresponding to the major
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allele (A allele) (Fig. 2B), indicating that some nuclear fac-
tor(s) has higher binding affinity to the minor allele. Al-
though we observed shifted bands for the oligonucleotides
corresponding to SNP-5 and SNP-12, no significant differ-
ence in the intensity of the bands between the major and
minor alleles was observed (data not shown). No shifted
band was observed in the case of SNP-1 and SNP-11. In the
case of SNP-9, the band corresponding to the minor allele
was more intense than that corresponding to the major allele,
as observed in SNP-2 (Fig. 2B). The combination of the results
of the luciferase assay and the gel-shift assay suggested that
the genetic variations corresponding to SNP-2 and -9 were
the most likely candidates to affect the transcriptional activ-
ity of SCG3 and perhaps susceptibility to the development of
obesity.

Expression of SCG3 in the hypothalamus

SCG3 was reported to be expressed in the hypothalamus,
but its physiological roles have not yet been clarified {12). To
further elucidate this role, we performed in situ hybridization
and immuohistochemical analysis for SCG3 in the murine
hypothalamus and observed that 5CG3 was expressed in the
LHA, PVN, ventromedial hypothalamus, and ARC (data not
shown). SCG3 immunoreactivity was also observed in var-
ious other regions of the mouse brain as reported previously
(12); however, the most intense immunoreactivities were
observed in the ARC and LHA as well as the PVN and
ventromedial hypothalamus (Fig. 3). The ARC neurons that
express and secrete NPY and POMC are regulated by leptin
and transfer their neuronal signal to orexin-expressing neu-
rons in the LHA (26). To investigate the relationship between
SCG3 and these neuronal peptides, we performed double-
labeling immunohistochemical analysis and found that
SCG3 was coexpressed with POMC and NPY in ARC celis
{(Fig. 3). We also examined the relationship between 5CG3
and two major neuropeptides in the LHA that inhibit food
intake, orexin and MCH, and detected that many orexin-
expressing neurons and MCH-expressing neurons coex-
pressed SCG3 (Fig. 3).

Granins, suchas CHGA, CHGB, and secretogranin II, form
granule-like structure when they are expressed in cultured
cells (11, 27). To examine whether SCG3 would also form
granule-like structures and interact with each of these neu-
ropeptides, we transfected pBI-SCG3-preproorexin, pBIl-
5CG3-pro-MCH, pBI-SCG3-POMC, and pBI-SCG3-pro-NPY
into established BE(2)-C cell lines that were stably transfected
with the pTet-Off vector system. The results indicated that
SCG3 formed granule-like structures, like other granins, and
colocalized with orexin, MCH, NPY, and POMC (Fig. 4).
Immunoelectron microscopic analysis revealed that the
granules were detected in BE(2)-C cells transfected with
SCG3 but not in those transfected with vector alone (data not
shown). The granules stained with anti-SCG3 antibody (data
not shown), suggesting that SCG3 forms secretory granules
in neuroblastoma cells. These in vivo and in vitro data suggest
that SCG3 may play some role in the secretion of neuropep-
tides that are related to appetite.
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Analysis of various quantitative phenotypes with SNP-2
and SNP-9

Because SCG3 is expressed in pancreatic B-cells and in-
volved in insulin secretion (13), SCG3 may play a role in
metabolic disorders as well as in obesity. Therefore, to in-
vestigate whether the genotypes of SNP-2 and SNP-9 are
related to the phenotypes of the metabolic disorders, we
compared BMI, blood insulin, glucose, cholesterol, triglyc-
erides, and high-density lipoprotein-cholesterol, and blood
pressure among the different genotypes in cases and con-
trols. We detected no relationship between these quantitative
phenotypes and the genotypes at SNP-2 and SNP-9 in either
the case or control groups.

The most important phenotype of the metabolic syndrome
is visceral fat accumulation. Thus, we performed multiple
linear regression analysis to further define the role of this
gene in the amount of visceral and/or sc fat. The SNP-2

G AGGA A
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genotype was transformed to a multidichotomous variable,
i.e. homozygosity with the A alleles vs. the other genotypes,
heterozygosity vs. the other genotypes, or homozygosity
with the C alleles vs. the other genotypes. Stepwise multiple
regression analysis (both forward selection and backward
elimination) revealed that gender, age, and BMI were sig-
nificantly associated with VFA. However, no genotypes were
significantly associated with VFA. In contrast, gender, BMI,
and genotype (homozygosity with the A allele or heterozy-
gosity with A and C alleles) were significantly associated
with SFA. Neither age nor homozygosity with the C allele
was significantly associated with SEA. Table 2 shows the data
of multiple regression analysis using gender, age, BMI, and
genotype as independent variables. Among the independent
variables, homozygosity with the A allele, female gender,
and increase in BMI were significantly associated with in-
creases in SFA. In concordance, each of the three parameters,
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heterozygosity with A and C alleles, male gender, and de-
crease in BMI, was significantly associated with a decrease in
SFA. Because the number of homozygotes with the C allele
was very small (n = 9), we were unable to validate its as-
sociation with either SFA or VFA. SNP-2 and SNP-9 were in
complete linkage disequilibrium (A = 1.0); thus, the same
results were observed. These data suggested that the geno-
types of SNP-2 and SNP-9 have an effect on the amount of
SFA independent of the effects of the other independent
variables.

Discussion

Epidemiological studies have provided evidence indicat-
ing the involvement of genetic factors in the development of
obesity (5, 6). Through case-control association studies using
gene-based SNPs, our center has successfully discovered
candidate genes that confer susceptibility to various common
diseases (myocardial infarction, diabetic nephropathy, type
2 diabetes mellitus) (9, 28-30). Using this approach, we iden-
tified novel functional SNPs associated with obesity, which
are located in the SCG3 gene. Our approach should prove
effective and useful in searching for genes related to common
diseases; however, the set of SNPs that we used covered only
11,932 gene loci. Recently a haplotype map of the human
genome has been constructed (31). Despite the relatively high
SNP density in genomic region, our SNP set only covered
approximately 30% of the human genome by counting Hap-

Map phase II SNPs that are: in LD (r* > 0.5) at least with one
SNP in our set, with minor allele frequencies greater than
0.05, and at distances less than 500 kb from at least one SNP
in our set. Because of this low genomic coverage for studies
up to now, further investigations will be necessary as high-
throughput genotyping products achieve higher SNP
densities.

Intracellular granins are costored and cosecreted with pep-
tide hormones (11). Our results suggest that SCG3 forms
secretory granules together with orexin, MCH, NPY, and
POMC in the hypothalamus. We demonstrated that SNP-2
and SNP-9 might have an effect on the transcriptional activity
of the SCG3 gene. Transcriptional activity of the major allele,
the frequencies of which were higher in obese subjects than
normal controls, was shown to be lower, which indicates that
decreased SCG3 expression levels may increase the risk of
obesity. These results seem to be complicated. Many granins
are known to work as inhibitors of endocrine secretion (11);
for example, extracellular CHGA undergoes proteolytic pro-
cessing into several bioactive peptides such as pancreastatin
and catestatin (11). Pancreastatin inhibits insulin secretion
from pancreatic B-cells (32), and catestatin inhibits the release
of catecholamines from sympathoadrenal chromaffin cells
(33). CHGA also inhibits POMC-derived peptide secretion
(34). CHGB-derived peptides inhibit the secretion of PTH
and insulin (35, 36). A secretogranin lI-derived peptide, se-
cretoneurin, inhibits serotonin and melatonin release from
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pinealocytes (37). SCG3 also undergoes proteolytic process-
ing and is secreted from cells (38). It needs to be investigated
whether the peptides derived from proteolytic processing of
SCG3 are bioactive and whether they may also inhibit the
secretion of orexin, MCH and NPY, like other granins. Hence,
we consider thatincreased expression of SCG3 in the subjects
with the minor allele of SNP-2 and SNP-9 may result in a
decrease in the secretion of orexin, MCH, and NPY and
thereby inhibit food intake and accumulation of sc fat.
Food intake control is complicated (26) because in addition
to many neuropeptides in the central nervous system, pep-
tides secreted from other tissues, such as adipose tissue and
gastrointestinal organs, participate in the control of food
intake. The neural circuits in the hypothalamic region are

also complicated, and the whole network is not well under-
stood. There have been no reports indicating the involve-
ment of SCG3 in appetite regulation, but in light of our data,
it is interesting to speculate that SCG3 may be a potential
factor in the regulation of food intake. Nevertheless, because
fat accumulation is also affected by other variables like phys-
ical activity as well as food intake, it is also necessary to
investigate whether SCG3 interacts with other variables.

Functional SNP-2 and SNP-9, which we have shown to be
associated with obesity, are located on the chromosome
15q21 locus in which a positive linkage to SFA was indicated
using the Québec Family Study (39). In concordance with this
previous result, our study showed an association of SNP-2
and SNP-9 with SFA.
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TABLE 2. Multiple linear regression analysis for VFA or SFA using SNP-2 (5’ flanking ~1203) and other features as

independent variables

AA vs. the other genotype

AC vs. the other genotype

CC vs. the other genotype

Independent variables Regression SE P Regression SE P Regression SE P
coefficient coefficient coefficient

VFA (dependent variable)
Gender (men/women, 1/0) 61.271 6.583 <0.0001 61.398 6.572 <0.0001 61.352 6.570 <0.0001
Age (yr) 1.064 0.264 <0.0001 1.063 0.264 <0.0001 1.06 0.264 <0.0001
BMI (kg/m?) 5.723 0.454 <0.0001 5.728 0.454 <0.0001 5.705 0.456 <0.0001
Genotype (1/0) 3.193 7.332 0.66 ~2.293 7.577 0.76 —-8.755 21.229 0.68
R? 41% 41% 41%

SFA (dependent variable)
Gender (men/women, 1/0) -69.550 7.167 <0.0001 ~68.998 7.157 <0.0001 -67.623 7.244 <0.0001
Age (y1) -0.329 0.289 0.26 -0.326 0.289 0.26 -0.357 0.293 0.22
BMI (kg/m?) 13.044 0.495 <0.0001 13.095 0.496 <0.0001 12.998 0.503 <0.0001
Genotype (1/0) 25.499 7.952 0.0015 ~25.761 8.221 0.0019 —11.438 23.275 0.62
R? 67% 67% 66%

In summary, we identified the genetic variations in SCG3
that may influence the risk of obesity (particularly sc fat
obesity) by a large-scale case-control association study. We
found that SNP-2 and SNP-9 posses moderate effect sizes
(supplemental Table 1) and affect the expression levels of
SCG3 and that SCG3 forms secretory granules with hypo-
thalamic neuropeptides. Our present data suggest that SCG3
is a good target for the development of new medicine to aid
in the prevention and treatment of obesity.
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KEYWOQORDS Abstract

Platelet derived

microparticles; Introduction: Generation of platelet-derived microparticle (PMP) is implicated in
Plasminogen cardiovascular disease (CVD). However, the influence of adiposity and weight
activator inhibitor-1; reduction on PMP generation remains to be fully elucidated. We compared PMP
Tissue-type generation and fibrinolytic parameters between 49 non-diabetic obese (obese group)
plasminogen and 37 age-matched non-obese subjects (control group), and compared the effects
activator; of weight reduction on the parameters between a 12-week calorie restricted diet
Obese; and diet with aerobic exercise in obese subjects.

Weight reduction Materials and methods: PMP, plasma levels of plasminogen activator inhibitor-1

(PAl-1) activity and tissue-type plasminogen activator (t-PA) antigen were measured
before and after intervention.

Results: Before intervention, PMP, PAl-1 activity and t-PA antigen values were
elevated in the obese group compared with the control group. In all 86 subjects of
both groups, these three parameters correlated with body mass index, waist
circumference and fat tissue mass. There was a positive correlation between plasma
levels of fibrinolytic parameters and visceral fat area (VFA). PMP values correlated
with subcutaneous fat area (SFA}. The intervention significantly reduced PMP, PAI-1
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activity and t-PA antigen levels. There was a significant correlation between
percentages of changes in PMP values and those in BMI, fat tissue mass and VFA in the
obese group. No additional effect of exercise on PMP or fibrinolytic parameters was

observed.

Conclusions: Overproduction of PMP and fibrinolytic abnormalities may be associated
with excessive adipose tissue. Weight reduction by either calorie restriction with or
without exercise improves fibrinolytic abnormalities and PMP overproduction,
probably through reduction of adipose tissue.

© 2006 Elsevier Ltd. All rights reserved.

introduction

The prevalence of obesity continues to increase at
an alarming rate worldwide [1]. Obesity is often
associated with serious medical problems, such as
impaired glucose tolerance, hyperinsulinemia, dia-
betes mellitus, hypertension, dyslipidemia, respi-
ratory problems, premature atherosclerosis, and
imparts a high risk of mortality from cardiovascular
disease (CVD) [2,3]. Several studies have demon-
strated that increased plasma levels of plasmino-
gen activator inhibitor-1 (PAI-1) and tissue-type
plasminogen activator (t-PA) are independent pre-
dictors of CVD [4-7], and that these parameters
are implicated in the development of atherothrom-
bosis in this population. Weight reduction contrib-
utes to a decrease in CVD-related morbidity
through improvement of fibrinolytic abnormality
and endothelial dysfunction [8—11]. Dietary thera-
py, physical activity and combination therapy (diet
and physical activity) have been adopted as weight
reduction regimens [2]. However, no studies have
been conducted to compare the effects of simple
calorie restriction and those of calorie restriction
combined with aerobic exercise on fibrinolytic and
endothelial parameters.

Recently, platelet derived microparticles (PMP)
have been implicated in the development and/or
progression of atherosclerosis [12]. PMP is a
membrane vesicle released from activated plate-
lets [13], and is considered to play an important
role in the normal haemostatic response to
vascular injury, since these particles exhibit pro-
thrombinase and proinflammatory activities [14—
20]. Increased levels of PMP have been observed in
diabetes mellitus [21,22]. However, the associa-
tion between PMP generation and adiposity is not
fully understood. To the best of our knowledge,
there are no reports that have assessed the effects
of weight reduction on PMP levels in non-diabetic
obese individuals. In the present study, we eval-
uated the relationship between PMP production
and plasma fibrinolytic markers with adiposity
levels in obese non-diabetic subjects. We also
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assessed the effect of calorie restricted diets and
calorie restricted diets combined with aerobic
exercise on PMP production and fibrinolytic
markers.

Materials and methods
Subjects

We studied obese (body mass index (BMI) >25 kg/
m?) adult volunteers recruited from two local
communities, Toride and Akeno, lbaraki prefecture,
Japan, via poster and local newspaper advertise-
ments. Subjects with a history of taking antiplate-
let drugs or a history of thromboembolic disease or
intracranial hemorrhage or diabetes mellitus were
excluded from the study. The 60 obese subjects
were randomly assigned to one of the two groups
(diet group and diet plus aerobic exercise group) of
12-week intervention. Eleven subjects withdrew
from the study for unspecified reasons. Conse-
quently, 49 non-diabetic obese participants (diet
group, 9 females, 12 males; diet plus exercise
group, 15 females, 13 males) aged 30—66 years
(median, 52 years) completed this study. in 49
obese subjects (obese group), anthropometric
measurement and blood samples were obtained at
the time of entry into the weight reduction study
and at completion of the 12-week intervention
study. In 37 age-matched, non-obese (BMI; 19.1—
24.9 kg/m?) healthy subjects without a history of
taking antiplatelet drugs or a history of thrombo-
embolic disease, intracranial hemorrhage or diabe-
tes mellitus (control group), aged 30—65 years
(median, 53 years), these measurements and blood
sampling were performed only once. We compared
anthropometric and hematological parameters be-
tween non-diabetic obese group and control group
at baseline, and compared the effect of weight
reduction on the parameters between a calorie
restricted diet group and diet with aerobic exercise
group.

The study protocol was approved by the Human
Investigation Review Committee of the University
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of Tsukuba. All subjects gave their informed,
written consent.

Anthropometric measurement, blood
pressure and body composition analysis

Anthropometric parameters including body weight,
height and waist circumference were measured in
each case. BMI was calculated as weight in kilo-
grams divided by height in square meters. Blood
pressure was measured using a mercury manometer
while the participants were sitting for at least 10
min in a chair. Body composition measurement for
determination of fat tissue mass, was performed
using bioelectrical impedance method (Omron,
HBF-300, Kyoto, Japan).

Quantification of abdominal adipose tissue
by CT

The visceral fat area (VFA) (cm?) and subcutaneous
fat area (SFA) (cm?) were determined with a
computerized tomography (CT) (Somaton AR.C,
Siemens, Erlangen, Germany). The images were
acquired at the level of L4—L5 in the supine
position. The VFA and SFA were calculated using a
computer software program (FatScan, N2system,
Osaka, Japan) as described previously [23].

Blood collection and analysis

Blood samples were collected from the antecubital
vein between 8 and 11 am after an overnight fast
and at rest using the two-syringe method. The first
sample was drawn into polypropylene tube for
serum collection. The second sample was gently
introduced into two polypropylene tubes containing
1/10 volume of 3.13% sodium citrate; one for
platelet-poor plasma (PPP), obtained by centrifu-
gation at 2000 xg for 10 min at 4 °C and stored at
—80 °C until analysis, and one for platelet-rich
plasma (PRP), obtained by centrifugation at 200 xg
for 10 min at room temperature.

Total cholesterol, triglycerides, and high-density
lipoprotein-cholesterol (HDL) and, low-density lipo-
protein-cholesterol (LDL) were measured from
serum samples using routine laboratory techniques.
The tevels of PAI-1 activity and tissue-type plasmin-
ogen activator (t-PA) antigen were determined from
the PPP samples using a commercial kit (Hyphen
BioMed for PAl-1 and t-PA, France). Fibrinogen
plasma levels were quantified using standard labo-
ratory method.

With PRP samples, PMP was analyzed using
FACScan flow cytometer with CellQuest software

{Becton Dickinson, San Jose, CA) using fluorescein
isothiocyanate (FITC)-conjugated monoclonal anti-
body (mAb) to CD41 (Dakocytomation, Denmark).
PRP samples (100 pl) were fixed with an equal
volume of 2% paraformaldehyde and incubated at
room temperature. Fixed PRP samples (20 pl) were
then incubated with 4 pg/ml of mAb in the dark for
30 min at room temperature. Microparticles were
identified by gating on CD41-positive events and
distinguished from normal-sized platelets based on
forward scatter size analysis (10,000 positive
platelet events were analyzed). PMPs were
reported as a percentage of the total platelet
events.

Diet and exercise program

All subjects were instructed to take a balanced
energy-restricted diet. The mean daily caloric
intake was approximately 1200 kcal/day, ranging
from 1000 to 1500 kcal/day for women, and
1680 kcal/day, ranging from 1500 to 1700 kcal/day
for men. The subjects maintained a detailed record
of food intake, and also received weekly nutrition-
al counseling. Subjects in the diet plus exercise
group performed aerobic exercise 3 days per week
(60 min per session), supervised by physical train-
ers. The target exercise intensity was set at the
level that raises heart rate to the predicted
anaerobic threshold, or 12 (strong) to 14 (very
strong) Borg scale.

Statistical analysis

Normally distributed data are presented as mean +
SEM and variables with skewed distribution are
presented as median (p25—p75). Percentages of
changes in variables were calculated as differences
in values between after and before intervention,
divided by the values before intervention. Statisti-
cal analysis was carried out using the unpaired t-
test (for normally distributed data), Mann—Whitney
test or Welch’s test (for data that did not show
normal distribution) for comparisons of baseline
measurements between the groups, and the per-
centages of changes within the 12-week interval
between the two intervention groups. Interval
differences within the non-diabetic obese group
were tested using the paired t-test (for normally
distributed data) or Wilcoxon’s signed-rank test
(for data that did not show normal distribution).
Relationships between the two measurements were
assessed using Pearson’s correlation coefficient
test or Spearman’s rank correlation where appro-
priate. A p value<0.05 (by two-tailed testing) was
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Table 1 Baseline clinical characteristics
Control group Obese non-diabetic group

n (F:M) 37 (21:16) 49 (24:25) p
Age, year 49.2+1.8 50.6+1.4 .534
BMI, kg/cm? 22.8+0.2 27.4+0.3 <.001
Waist circumference, cm 87.9+0.8 96.6+0.8 <.001
Fat tissue mass, kg 15.7+0.6 22.1+0.5 <.001
Visceral fat area, cm? 78.0+8.7 122.8 (77.3—-162.9) <.001
Subcutaneous fat area, cm® 137.6+10.8 217.6 £10.2 <.001
Systolic blood pressure, mm Hg 122.3+1.8 131.9+2.6 .003
Diastolic blood pressure, mm Hg 78.7+1.4 85.0+1.6 .004
Fibrinogen, mg/dl 242.7+8.0 302.2+8.9 <.001
Total cholesterot, mg/dl 214.4+5.6 215.9+5.4 .851
Triglycerides, mg/dl 78.0 (57.0—136.0) 106.0 (67.0—143.0) .098
HDL-cholesterol, mg/dl 61.0 (52.0-75.0) 55.3+1.7 .026
LDL-cholesterol, mg/dl 131.5+6.1 136.1+4.8 .551
Fasting glucose, mg/dl 88.9+1.4 96.3+1.5 .001
Hemoglobin Atc, % 4.89+ 0.1 5.00 (4.80-5.60) .033
PAI-1 activity, ng/ml 0.42 (0.18—0.57) 0.54 (0.34-1.05) <.001
t-PA antigen, ng/ml 5.47+0.3 6.73 (5.34-7.78) .009
PMP, % 2.89 (2.16—4.73) 5.70 (4.07-7.22) <.001

Data are mean + SEM or median (p25—p75).

HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAl-1, plasminogen activator inhibitor; t-PA, tissue—type plasminogen

activator; PMP, platelet derived microparticle.

considered significant. All analyses were performed
using StatView software (Macintosh).

Results
Baseline data

The baseline data of variables, including metabolic
and anthropometric parameters of both groups are
shown in Table 1. Compared with the control group,
the subjects in the non-diabetic obese group had
significantly higher plasma levels of PMP, PAl-1
activity and t-PA antigen.

The correlations between variables in all sub-
jects of both control and obese groups at baseline
are shown in Table 2. PAl-1 activity and t-PA
antigen values correlated positively with BMI
(Fig. 1), waist circumference, fat tissue mass and
VFA. These fibrinolytic parameters also correlated
positively with the plasma levels of triglyceride
and hemoglobin Alc. An inverse correlation was
noted between PAl-1 activity values and HDL-
cholesterol values. PMP values correlated positive-
ly with BMI (Fig. 1), waist circumference, fat tissue
mass and SFA. PMP levels did not correlate
significantly with the levels of total cholesterol,

Table 2 Relationships among variables in all participants at baseline

PAI-1 activity t-PA antigen PMP

r p r p r p
Age, year —.195 .080 .098 .383 —-.083 454
BMI, kg/cm? .353 001 341 .002 536 <.001
Waist circumference, cm .247 .030 312 .006 418 <.001
Fat tissue mass, kg 337 .003 253 .027 .506 <.,001
Visceral fat area, cm? .348 .004 .370 .002 .240 .050
Subcutaneous fat area, cm? .059 635 .226 .068 .390 .001
Systolic blood pressure, mm Hg .051 662 .070 .548 -.016 .887
Diastolic blood pressure, mm Hg .055 .635 114 .325 037 .745
Fibrinogen, mg/dl 222 .048 .238 .033 134 244
Total cholesterol, mg/dl ~.054 .633 .206 .067 .032 773
Triglycerides, mg/dl 279 .012 243 .030 120 .287
HDL-cholesterol, mg/dl —.267 017 -.169 134 -.077 .496
LDL-cholesterol, mg/dl —~.063 .581 .230 .040 .002 .985
Fasting glucose, mg/dl 191 .090 .248 .027 .196 .079
Hemoglobin Alc, % .329 .003 273 .016 .157 .166

HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAl-1, plasminogen activator inhibitor; t-PA, tissue-type plasminogen

activator; PMP, platelet derived microparticle.
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Figure 1  Relationships between BMI and plasma levels
of PAl-1 activity, t-PA antigen and PMP. BMI, body mass
index; PAI-1, plasminogen activator inhibitor-1; t-PA,
tissue-type plasminogen activator inhibitor; PMP, platelet
derived microparticle.

triglycerides, HDL-cholesterol, LDL-cholesterol,
fasting glucose or hemoglobin Alc.

Before intervention (at baseline), there were no
differences in distributions of age, sex, anthropo-
metric parameters, blood pressure and body com-
position parameters between the diet group and
diet plus exercise group (Table 3).

Effects of weight reduction in non-diabetic
obese groups

After intervention, the 49 non-diabetic obese
participants lost body weight with a mean loss of
8.04+0.47 kg (11.18 £ 0.60%). The levels of PAl-1
activity, t-PA antigen and PMP were significantly
reduced after the study (Table 3).

The relationships among percentages of changes
in variables before and after 12-week intervention
in 49 obese subjects are shown in Table 4. There
was a positive correlation between percentages of
changes in PAl-1 activity, t-PA antigen levels and
those in BMI, waist circumference and fat tissue
mass. A positive correlation was also noted be-
tween percentages of changes in PMP values and
those in BMI, waist circumference, fat tissue mass
and VFA (Fig. 2).

Comparison between diet group and diet plus
exercise group

Percentages of change in BM! in the diet plus
exercise group were significantly greater than
those in the diet group after completion of the
study. However, the type of intervention (diet vs.
diet plus exercise) had no significant effect on the
percentages of change in other parameters, includ-
ing PAI-1 activity, t-PA antigen or PMP (Table 3).

Discussion

PMP: baseline data and effects of weight
reduction

A definitive relationship between adiposity and
PMP production in obesity is yet to be demonstrat-
ed. To our knowledge, this is the first report that
investigates the association between adiposity and
PMP levels and the effect of weight reduction
on PMP production in non-diabetic obese individu-
als. In this study, PMP levels were significantly
elevated in obese non-diabetic subjects in com-
parison to non-obese subjects, and the values
correlated with BMI, waist circumference, fat
tissue mass and SFA. Plasma levels of PMP corre-
lated with VFA, although this correlation was not
statistically significant (r=0.24, p=0.050). Signif-
icant reductions in PMP levels were observed after
weight loss. Percentages of changes in PMP also
correlated with those in BMI, waist circumference,
fat tissue mass and VFA.

PMP is a membrane vesicle released upon
platelet activation by agonists such as thrombin
and collagen or by shear stress [13,14,24]. It has
been reported that the high concentrations of
prothrombin fragment 1+2 in obesity decrease
after weight reduction [25]. Thrombin formation
in obesity may play a role in PMP production, as in
type 2 diabetes mellitus [22]. Recent studies
revealed that adipose tissue produces biocactive
molecules called “adipokines,” such as tumor
necrosis factor (TNF) and interleukin (iL)-6, that
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Effects of 12-week program on various variables measured in the present study

Diet group Before Diet plus exercise group Before Comparison t
and after and after  the two grou
Baseline Percentages 12 weeks Baseline Percentages 12 weeks Variables at
of changes of changes baseline
21(9:12) 28 (15:13)
51.0 (43.5-54.5) p 52.5 (40.3—60.8) p p
2 27.7+0.5 -9.68+1.0 <.001 27.3+0.3 -12.12+0.7 <.001 444
imference, cm 96.0+ 1.5 —-6.15+3.7 <.001 97.1+0.9 ~8.13+3.2 <.001 .505
mass, kg 21.7+0.9 -20.75+£2.5 <.001 22.5+0.5 ~-23.57+1.6 <.001 481
t area, cm’ 131.1+£14.2 ~23.36+3.3 <.001 125.9+10.6 -29.76 +3.3 <.001 718
ous fat area, cm? 200.3 (150.9-244.5) —22.31+3.1 <.001 223.4+12.4 -27.16+£2.1 <,001 275
sod pressure, mm Hg  130.3+3.2 -5.72£1.9 .004 133.1£3.8 -9.55+1.8 <.001 .590
lood pressure, mm Hg  85.0+2.4 ~7.92+1.7 <.001 85.0+2.2 -11.22 (- 19.2-6.7) <.001 .997
, mg/dl 286.9+9.3 ~4.34+2.6 .084 313.8+13.7 -4.86+3.7 125 .110
sterol, mg/dl 210.5+8.2 -6.75+3.0 011 219.9+7.1 -10.50+2.4 <.001 .392
es, mg/dl 107.0 (66.5—127.0) —30.84 (—44.4-16.1) .002 105.0 (64.5—176.8) —30.90+6.8 <.001 .770
sterol, mg/dl 54.1+2.3 6.53+3.1 .037 56.2+2.4 8.05+2.6 .010 .554
terol, mg/dl 139.0 (113.0—-157.0) ~5.45+5.1 .040 138.2+6.8 -9.89+3.6 .005 .904
icose, mg/dl 93.4+2.4 ~2.10+£2.1 .246 98.4+2.0 —-4.83x1.2 <.001 113
nAtc, % 5.00 (4.75-5.65) -1.54+1.2 .284 4.95 (4.80—5.58) ~3.49+1.3 .008 .951
ity, ng/ml 0.63 (0.33—1.05) -37.84 (—80.6—4.55) .015 0.47 (0.34—1.08) —71.23 (-86.0-55.1) <.001 .599
n, ng/mt 6.83+0.4 ~20.24+8.6 .005 6.33 (5.25-7.78) —29.21£4.2 <.001 .572
5.66+ 0.6 ~30.56+4.9 <.001 6.13+0.5 —35.67+5.2 <.001 .538

1ean + SEM or median (p25—p75).

density lipoprotein; LDL, low-density lipoprotein; PAI-1, plasminogen activator inhibitor; t-PA, tissue-type plasminogen activator; PMP, platelet derived microp:
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Table 4 Relationships among percentages of changes in variables with 12-week interval

PAl-1 activity t-PA antigen PMP

r p r P r p
BMmi .495 <.001 .495 <.001 .341 .029
Waist circumference .327 .023 .402 .004 .393 .010
Fat tissue mass .451 .002 .392 .005 418 .006
Visceral fat area .270 .061 .185 .205 .485 .001
Subcutaneous fat area 253 .080 .379 .007 .184 .250
Fibrinogen -.110 .451 —.116 .435 —~.222 170
Total cholesterol 117 418 .058 .696 303 .054
Triglycerides 227 116 .052 723 219 .170
HDL-cholesterol -.116 424 165 .259 —.053 744
LDL-cholesterol .064 .655 .158 .281 261 .100
Hemoglobin Atc .381 .009 ~.052 718 -.010 .949

HDL, high-density lipoprotein; LDL, low-density lipoprotein; PAl-1, plasminogen activator inhibitor; t-PA, tissue-type plasminogen

activator; PMP, platelet derived microparticle.

contribute to systemic and vascular inflammation
[26]. The levels of these proinflammatory adipo-
kines increase with increasing adipose tissue, and
diminish after weight loss [27,28]. Nomura et al.
[29] reported that IL-6 enhanced PMP production

percentages of changes
percentages of in PMP (%)
changes o ° - 20
in BMI (%) ° °
; . . ot 0
-25 20 -15 L-10 -5 0
r=0.341 ~-20
p=.029
L - -40
° fee ® - -60
° e
. -80
percentages of changes
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changes ine o 20
fat tissue mass (%) ° . .
S0 40 30 20, a0 of °
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Figure 2 Relationships between percentages of changes
in PMP levels and those in BMI, fat tissue mass and VFA
within the 12-week period. PMP, platelet derived micro-
particle; BMI, body mass index; VFA, visceral fat area.

under high shear stress in patients with arterio-
sclerosis obliterans. In another study, PMP levels
correlated with the levels of IL-6 and IL-8 in
patients with systemic inflammatory response syn-
drome [30]. Furthermore, Diamant et al. [31] found
that the values of various tissue factor-positive
microparticle subpopulations correlate with BMI
and TNF in uncomplicated type 2 diabetes mellitus,
suggesting that low-grade inflammation, which is
induced by adipose tissue, may enhance micropar-
ticle formation from various cell types. These facts
support the idea that excessive adipocytes that
lead to low-grade inflammation possibly play an
important role in PMP production. Another possible
explanation for PMP generation in obesity is the
association of other adipokines such as leptin,
because they increase in obesity and diminish after
weight loss in proportion with BMI [25]. Addition-
ally, high concentrations of leptin promote ADP-
induced platelet aggregation, through leptin recep-
tors expressed on the platelet surface [32,33].
Thus, increased level of leptin in obesity may
influence ADP-induced PMP generation. Further
studies are needed to determine the exact mech-
anism(s) of PMP generation in obesity.

The membrane of PMP is rich in negatively
charged phospholipids, glycoprotein and P-selectin,
which bind to coagulation factors [14—16], suben-
dothelial matrix [17] and activated platelets and
teukocytes [18]. PMP is thought to affect cell to cell
interactions through the activation of monocytes
and endothelial cells [19]. PMP also enhances the
expression of adhesion molecules and cytokine
production in THP-1 cells and endothelial cells
[20]. Arachidonic acid is delivered to platelets and
endothelial cells by PMP [34]. These procoagulant
and inflammatory functions of PMP enhance the
progression of atherosclerosis in non-diabetic obese
individuals as well as in diabetic individuals [12].
Furthermore, tissue factor-positive microparticles
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derived from platelets and T-helper cells are asso-
ciated with components of the metabolic syndrome
but not with coagulation markers. The above results
suggest that tissue factor on microparticles may be
involved in the processes of transcellular signaling or
angiogenesis [31]. Thus, weight reduction may
reduce the risk of CYD by decreasing PMP levels.

Fibrinolytic parameters: baseline data and
effects of weight reduction

In this study, augmented plasma PAI-1 activity and t-
PA antigen levels were observed in non-diabetic
obese subjects. PAIl-1 activity and t-PA antigen
values positively correlated with BMI, fat tissue
mass and VFA. These high values were reduced after
weight reduction. A significant positive correlation
between the percentages of changes in BMI, waist
circumference and fat tissue mass and those in PAI-1
activity was observed. These associations were
in line with data of previous weight reduction trials
[8—10]. The fact that adipocytes are stimulated to
produce PAl-1 by TNF, which is also secreted by
adipocytes, further supports these associations [35].

Comparison between diet group and diet plus
exercise group

Evidence from randomized trials shows that the
initial goal of effective weight control therapies
should be a reduction of body weight by approxi-
mately 10% from the baseline value [2]. From this
point of view, the 12-week program used in the
present study had a significant effect in non-
diabetic obese individuals, since these subjects
reduced their weight by 11.18 £ 0.60%. Changes in
the values of all parameters after weight reduction
were favorable, with the exception of fibrinogen.
Although additional effects of aerobic exercise on
the percentages of changes in BMI were observed,
changes in other parameters including fat tissue
mass, VFA, PAl-1 activity, t-PA antigen or PMP values
were comparable between the two intervention
groups.

Regular physical activity seems to induce im-
provement in fibrinolytic activity, as indicated by
an increase in t-PA activity and a decrease in PAl-1
activity [36]. Exercise at moderate intensity may
also suppress platelet activation and polymorpho-
nuclear leukocyte interaction with surface-adher-
ent platelets under shear flow [37]. Despite these
findings, several studies did not find any effect for
the type of weight reduction program (dieting
alone and dieting with aerobic exercise) on fibri-
nolytic parameters after weight reduction [8,9], as
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in our study. Further studies in a larger population
are needed to endorse the additional effects of
aerobic exercise on fibrinolytic capacity and plate-
let activity.

Conclusion

Our study indicates that excessive adipose tissue
may induce overproduction of PMP and fibrinolytic
abnormalities. No significant differences were
observed in the effects of weight reduction on the
associated hematological parameters between cal-
orie-restriction diet with or without aerobic exer-
cise groups. Weight reduction appears to be
essential for the improvement of PMP overproduc-
tion and fibrinolytic abnormality, possibly through
reduction of adipose tissue.
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