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Fig. 1. Growth-dependent change of plasma vascular endothelial growth
factor (VEGF) concentration in db/db mice. A: time course changes of plasma
VEGF concentrations in db/db (&) and db/+ (O) mice. Plasma VEGF concen-
trations were measured every 2 wk from 6 to 18 wk of age in db/db and db/+
mice. Results are represented as means and SD. After 10 wk of age, plasma
VEGF concentrations in db/db mice were significantly higher than in db/+
mice. B: correlation between body weight and plasma VEGF concentrations in
db/db mice. Plasma VEGF concentrations were significantly correlated with
body weight in db/db mice. *P < 0.05 vs. db/+ mice; **P < 0.01 vs. db/+
mice; ¥#*P < 0,001 vs. db/+ mice.

rodent chow (352 kcal/100 g, CE-2; CLEA Japan). Male mice were
used in the studies reported here. Animal care and procedures were
approved by the Animal Care Commitiee of Chiba University School
of Medicine.

Body weight and adiposity. Body weights of db/db and db/+ mice
were measured at every 2 wk from the time they were 6 wk old
throughout the study. Blood samples were also obtained from the
retroorbital venous plexus of the mice fasted more than 16 h. The
db/db and db/+ mice were killed at 6, 10, 14, and 18 wk of age by
cervical dislocation before white adipose tissues were collected.
Mesenteric adipose tissues were used as visceral fat, and inguinal
subcutaneous adipose tissues were used as subcutaneous fat in the
studies reported here. The white adipose tissues were weighed on an
analytic balance and processed for cell counts as described previously
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(13). Briefly, minced adipose tissues were incubated with PBS con-
taining collagenase S-1. The tissue fragments were removed by

passage through a 250-wm nylon screen. The isolated cells were then
* Stained with methylene blue, and aliquots were placed on a Neubauer
_hemocytometer. Total cell counts were measured using a light micro-

scope.

. . Total RNA and protein extraction from adipose tissues in obese

mice. Mesenteric and subcutaneous adipose tissues of db/db and db/+
mice were processed for total RNA isolation using ISOGEN reagents
according to the manufacture’s instructions. In another set of exper-
iments, the adipose tissues were homogenized in an ice-cold buffer
containing 50 mM Tris-HCl (pH 7.4), | mM EDTA, 1 mM dithio-
threitol, 5 mM MgCl,, 130 mM NaCl, 1% NP-40, 10 pM 4-amidi-

-nophenylmethanesulfonyl fluoride, and 5 pM lenpeptin. Insoluble

materials in the tissue were removed by centrifugation at 12,000 g at
4°C for 20 min. After centrifugation, tissue extracts were collected.
Moreover, total RNA in the isolated adipocytes of mesenteric fat was
also prepared. The mesenteric adipose tissue was digested with
collagenase S-1 and passed through a 250-p.m nylon screen to remove

tissue debris. Then, the isolated cells, containing adipocytes and
_.vascular-stromal cells, were separated by centrifugation. After the

adipocytes were allowed to float, the vascular-stromal cells were
removed from the bottom layer. The floating layer, as adipocyte
fraction, was washed three times with PBS. Finally, the isolated
adipocytes were collected and processed for cell counts, using a
Neubauer chamber as described above., To compare directly the
cellular expression of VEGF in adipocyte, 2 X 10% cells were
processed for total RNA isolation using ISOGEN reagent. The KK-AY
and C57BL/6 mice were killed at 16 wk of age by cervical dislocation
before mesenteric and inguinal subcutaneous fat was collected for
total RNA isolation.

3T3-L1 cells culture and differentiation. 3T3-L1 preadipocytes
were cultured with DMEM containing 10% FBS at 37°C in a 5% CO;
incubator. Adipocyte differentiation was carried out by changing to a
differentiation medium containing 10 p.g/ml insulin, 0.25 wM dexa-
methasone, and 0.5 mM 3-isobutyl-1-methylxanthine. After 48 h, the
medium was replaced with a maturation medium containing 5 jpg/ml
insulin, and cells were maintained in this medium until use. Every
week after differentiation, the cells were washed with PBS and then
cultured in fresh DMEM medium alone. After incubation for 24 h, the
conditioned media were collected. In another set of experiments,
the cells were processed for total RNA isolation using an RNeasy
Mini Kit.

In vitro endothelial tube formation assay. HUVECs were grown in
EBM-2 medium containing 10% FBS. Formation of capillary tube-
like structures by HUVECs was assessed in a Matrigel-based assay as
previously described (8). Briefly, HUVECs were incubated with
MCDBI131 coniaining 2% FBS for 48 h prior to tube formation assay.
Cells (7 X 10%) were plated onto 300 ! of Growth Factor Reduced
BD Matrigel matrix (7 mg/ml protein), pregelled at 37°C in 24-well
culture plates. Then, the cells were incubated for 13 h at 37°C with
150 pl of MCDB131 and 150 pl of the conditioned medium derived
from pre- or postdifferentiated 3T3-L1 cells in the presence or
absence of anti-mouse VEGF-neutralizing antibody. Three different
phase-contrast microscopic low-power fields (X100) per well were
photographed. The total length of capillary tubes in each photograph
was measured using a scale ruler.

Preadipocyte transplantation. 3T3-L1 cells were implanted into
athymic mice as described previously (19). Briefly, 3T3-L1 preadi-
pocytes were grown to near confluence, trypsinized, and suspended in
DMEM with 10% FBS. After centrifugation, cell pellets were resus-
pended in PBS and injected 1 X 107 cells (500 l) through 22-gange
needles into the mesenteric area near the small intestine or the
subcutaneous fat area of athymic mice of the BALB/C strain under
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Visceral fat
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course changes of VEGFE gene expressions in visceral
and subcutaneous adipose tissues of db/db mice, Images
show RT-PCR products of VEGF amplified from total 1
RNA in mesenteric and subcutaneous adipose tissues at

6, 10, 14, and 18 wk after birth. PCR products of VEGF

were densitometrically analyzed, and relative amounts 0
at 6 wk old were Set to 1.0. Results are represented as ‘
means and SD. Arrowhead, 644 bp (VEGFe4); *, 716 6
bp (VEGF}gg). B: Tissue VEGF contents in mesenteric

and subcutaneous fat. Tissues were extracted with a

buffer containing 50 mmol/l Tris-HCl (pH 7.4), 1

mmol/l EDTA, 1 mmol/l DTT, 5 mmol/l MgCl,, 130

mmol/t NaCl, 1% NP-40, 10 pmol/l APMSF, and 5

pmol/l leupeptin. Tissue extracts were processed for

VEGF measurement using an ELISA system.

=
Fig. 2. Growth-dependent changes of mRNA expres- g 3
sions and protein contents of VEGF in mesenteric and >
subcutaneous adipose tissues of db/db mice. A: Time 8 o

o

<

anesthetization by intraperitoneal injection with pentobarbital sodium.
Mice were housed in microisclator cages under épecific pathogen-free
conditions during whole experiments. Four weeks after implantation,
the mice were killed by cervical dislocation under anesthetization
before mesenteric or subcutaneous fat area was collected. Total
RNA of mesenteric and subcutaneous fat was isolated using
ISOGEN reagent. Blood samples were also obtained from the
retroorbital venous plexus of the mice fasted more than 16 h.

Measurement of immunoreactive VEGF. Plasma samples were
prepared by centrifugation at 1,500 g for 15 min at 4°C. After
centrifugation, the plasma fraction was collected and stored at —70°C
until use. The extracts of adipose tissues and the conditioned media
from pre- and postdifferentiated 3T3-L1 cells were also stored at
—70°C until use. VEGF concenirations of plasma, extracts from
adipose tissues, and conditioned media were measured with an en-
zyme-linked immunosorbent assay system (R&D Systems, Minneap-
olis, MN). :

RT-PCR. To evaluate the contents of VEGF expression in adipose
tissues and 3T3-L1 cells, 0.4 pg of total RNA was amplified by
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OneStep RT-PCR kit using the indicated specific primers. To compare
directly the VEGF expressions in adipocytes of mesenteric fat during
growth, total RNA prepared from 2 X 10* cells was also amplified
using the specific primers. The contents of GLUT4, peroxisome
proliferator-activated receptor-y (PPAR<y), and B-actin were also
amplified by RT-PCR. The RT-PCR products were run on 1.5%
agarose and stained with ethidium bromide. The relative signal inten-
sities of the PCR products were determined with luminescent image
analyzer LAS-1000 (Fuji Photo Film, Tokyo, Japan). mRNA amounts
were normalized to levels of B-actin mRNA, which served as endog-
enous standard. '

Primers. The following primers were designed for RT-PCR anal-
ysis using in this study: VEGF, 5'-GCGGGCTGCCTCGCAGTC-3'
(forward) and 5'-TCACCGCCTTGGCTTGTCAC-3’ (reverse); 3-ac-
tin, 5'-TGGAATCCTGTGGCATCCATGAAAC-3' (forward) and
5'-TAAAACGCAGCTCAGTAACAGTCCG-3' (reverse); GLUTH4,
5-GGCATGTGTGGCTGTGCCATC-3' (forward) and 5'-GGGTT-
TCACCTCCTGCTCTAA-3' (reverse); PPARYy, 5'-GACATCCAA-
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GACAACCTGCTG-3' (forward) and 5'-GCAATCAATAGAAG-
GAACACG-3' (reverse). RT-PCR products for VEGF were 716 bp
(VEGFgs), 644 bp (VEGF¢4), and 512 bp (VEGF,0), respectively.
The signal intensity of the 644-bp product was analyzed in this study.
Products of 349, 413, and 258 bp were predicted for B-actin, GLUT4,
and PPARY, respectively.

Statistical analysis. Statistical analyses were performed using Stat-
view J-4.5. Statistical analysis was performed with a r-test. All of the
results reported herein were confirmed by repeating the experiments
with different occasions. A value of P < 0.05 indicated statistical
significance.

RESULTS

Growth-dependent changes of plasma VEGF concentration
in db/db mice. We measured circulating VEGF concentrations
in db/db mice, a strain of the mouse models for obesity, to
demonstrate the role of fat accumulation and its effect on
VEGF levels in vivo. Plasma VEGF concentrations were
increased during growth in both db/+ and db/db mice (Fig.
1A). At 10 wk old, plasma VEGF concentrations in db/db mice
were significantly higher than in db/+ mice. Moreover, plasma
VEGEF concentrations were 51gn1ﬁcant1y correlated with body
welght (Fig. 1B).

Growth-dependent changes of VEGF mRNA expressions
and protein contents in visceral and subcutaneous fat of db/db
mice. VEGF mRNA was detected in both visceral and subcu-
taneous fat in db/db mice. Expression levels of VEGF mRNA
in visceral fat were increased 3.0-fold in 14-wk-old mice

A Visceral fat

El131

compared with those in 6-wk-old mice (Fig. 24). VEGF
expressions in subcutaneous fat were also increased during
growth, but its enhancement was smaller than in visceral fat.
Moreover, tissue contents of VEGF in visceral fat were signif-
icantly increased in 14-wk-old mice compared with those in
6-wk-old mice (Fig. 2B). However, the VEGF contents in
subcutaneous fat were almost the same in 6- and 14-wk-old
mice, These data suggest that an enhanced expression of the
VEGF gene in visceral fat mainly contributes to the elevated
plasma concentrations.

Effect of fat accumulation on VEGF expression in white
adipose tissues of db/db mice. Whole tissue weights of mes-
enteric and subcutaneous fat were increased gradually during
growth (Fig. 3A). Total cell counts were significantly decreased
during growth only in mesenteric adipose tissues (Fig. 3B). A
significant correlation between fat weight and VEGF expres-
sion levels was observed in mesenteric adipose tissue but not in
subcutaneous adipose tissue (Fig. 44). Moreover, cellular lev-
els of VEGF expression were calculated from the results of
mRNA expression levels and total cell counts in adipose
tissues and positively correlated for adiposity in mesenteric
adipose tissue but not in subcutaneous adipose tissue (Fig. 4B).

Growth-dependent change of VEGF expression in adipo-
cytes of visceral area of db/db mice. VEGF expressions in
adipocyte fraction were increased during growth (Fig. 5).
Cellular expression levels of VEGF mRNA in visceral adipo-
cytes were increased sevenfold in 18-wk-old mice compared

Subcutaneous fat
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Fig. 3. Growth-dependent changes of fat weight and adiposity
in mesenteric and subcutaneous adipose tissues. A: Time course
changes of mesenteric and subcutaneous adipose tissue weights
in db/db mice. The db/db mice were killed by cervical dislo-
18 cation at 6, 10, 14, and 18 wk of age before adipose tissues were
collected. Mesenteric and subcutaneous fat was weighed on an
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with those in 6-wk-old mice. These results suggest that c1rcu- s
lating VEGF concentrations in db/db mice were mcreased by
the enhancement of VEGF mRNA expression in v1scera1’ adi-
" VEGE, mRNA in 3T3- L1
o accumulatxon ’
KK-A” mice. To demonstrate the correlation between VEGF .
expression and adxpos1ty in another model of obesxty, we -

pocytes.
Plasma concentration and tissue expression of VEGF_ in

analyzed KK-AY mice. Plasma VEGF concentrations were
significantly increased in both 8- and 16-wk-old KK-AY mice
compared with those in age-matched control mice (Fig. 64).
Moreover, expression levels of VEGF mRNA in visceral fat
were significantly increased in KK-AY mice compared with
those in control mice (Fig. 6B). These results suggest that
circulating VEGF concentrations in KK-AY mice as well as in
db/db mice were increased by the enhancement of VEGF
mRNA expression in visceral fat,

Change of VEGF expressions during differentiation and

.maturation process in 3T3-L1 cells. We performed RT-PCR ... ;

analysis for the gene expression of VEGF, PPARYy, an

GLUT4 in cultured 3T3-L1 cells. VEGF mRNA was expr‘esé}:’d ;-
even in the preadipocyte condition (Fig. 7A), and its expression °

was enhanced during adipocyte conversion. Especially, the
expression levels of VEGF mRNA were significantly increased

'GLUT4 expressions were

'14 days after d1fferent1at10n (Fig. 7B). Both PPAR+y and
'adually nhanced durmg differen-
tiation'(Fig. 7A). These result ugg t that gxpressmn levels of

VEGF protems into culture medmm éven in the preadlpocyte
condition (Table 1), and the VEGF protein secretion was
enhanced during adipocyte conversion. Especially, the VEGE
concentrations in conditioned medium were increased fourfold
14 days after differentiation compared with those of prediffer-
entiation. These results suggest that protein secretion as well as
mRNA expression of VEGF in 3T3-L1 cells were enhanced
during lipid accumulation. The blologlcal actxv1ty of VEGF
should be examined to know th
and pathologxcal condmonsy. T

A tur d’ wzth 3T3-L1 cells.
VEGF secieted from both pre— ém postdifferentiated 3T3-L1
cells had stimulatory activity toward HUVECs in tube forma-
tion (Fig. 8, A and B). The stimulatory activity in the condi-
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Fig. 5. Time course change of VEGF expressions in adipocyte fraction
prepared from mesenteric fat of db/db mice. Visceral fat was cut into small
pieces and digested using collagenase S-1. Then, the tissues were suspended
with PBS and separated by centrifugation. The floating layer was collected as
adipocyte fraction. Images show RT-PCR products of VEGF amplified from
total RNA prepared from 2 X 10 cells of adipocytes at 6, 10, 14, and 18 wk
after birth. The PCR products of VEGF were densitometrically analyzed, and
the relative amounts at 6 wk old were set to 1.0. Results are represented as
means and SD. Arrowhead, VEGF64; *, VEGF35.

rived-from postdifferentiated 3T3-L1 cells
gher than in predifferentiated cells. More-
utralizing antlbody apparently inhibited the
rmation activity in both pre- and postdiffer-
entiated 3T3-L1 cells. These findings suggest that 3T3-L1 cells
secrete the bioactive form of VEGF protein.

Eﬁ‘ect of implantation of 3T3:L1 preadipocytes into mesen-
teric or subcutaneous fat area of nude mice on VEGF expres-
sion. We performed RT-PCR analysis for gene expressions of
VEGF, PPARYy, and GLUT4 in the mesenteric or subcutaneous
fat area implanted with 3T3-L1 cells. As shown in Fig. 94, the
content of VEGF expression was increased fourfold in the
mesenteric fat implanted with 3T 3-L1 cells compared with
those in sham-operated control mice. In contrast, VEGF ex-
pression of subcutaneous fat was almost the same in the mice
implanted with 3T3-L1 cells into the subcutaneous area and
controls. Moreover, PPARYy expression was enhanced only in
mesenteric fat implanted with 3T3-L1 cells but not in subcu-
taneous fat. The expression levels of GLUT4 in both mesen-
teric and subcutaneous fat implanted with 3T3-L1 cells were
higher than in controls.

The plasma VEGF concentration increased after implanta-
tion with 3T3-L1 cells into the mesenteric area, and these
reached 381 = 63 pg/ml at 4 wk, However, the mice injected
in the subcutaneous area did not show any difference from
control mice (Fig. 9B).

tioned medium;
was three time
over, anti-VEG
stimulatory tub
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DISCUSSION

In the first' set of experiments, we showed that the plasma
VEGF concentrations gradually increased. dﬁﬁng growth in
both db/db and db/+ mice. After 10 wk of ‘age, however,
plasma VEGF concentratlons were hlgher in db/db mice than
in db/+ mice. The db/db mice are con31dered to be an obesity
model because. fat deposition is the primary change. Then we
analyzed the correlation between plasma 'VEGF concentration
and body welght The plasma VEGF concentratxon in db/db

250 } ' ]

Plasma VEGF_qonceh’qration (pg/ml) >

C57BL/6 C57BL/6  KK-AY

Visceralfat  Subcutaneous fat

Fig. 6. Plasma concentration and tissue expression of VEGF in KK-AY mice,
A: comparison of plasma VEGF concentrations between KK-AY and C57BL/6
mice. Plasma VEGF concentrations were -measured in 8- and 16-wk-old
KK-A¥ and C57BL/6 mice. Results are represented as means + SD. B:
comparison of VEGF gene expressions in visceral and subcutaneous adipose
tissues between KK-AY and C57BL/6 mice. Images show RT-PCR products of
VEGF amplified from total RNA in mesenteric and subcutaneous adipose
tissues at 16 wk after birth. The PCR products of VEGF were densitometrically
analyzed, and the relative amounts in visceral adipose tissues of control mice
were set to 1.0, Results are represented as means + SD. Arrowhead, VEGF6a;
* VEGF,gs.
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Fig. 7. Tlme ¢ourse, changes of VEGF p Xisome proliferator-activated
receptor-y (PPAR~); and GLUT4 expressnons in 3T3-L1 cells during adipo-
cyte differentiation. A: gene expression profiles in 3T3-L1 cells during adipo-
cyte differentiation. Images show RT-PCR products of VEGF, PPARvy, and
GLUT4 amplified from total RNA in 3T3-L1 cells at 0, 7, 14, and 21 days after
differentiation. B: relative amounts of VEGF expressions in 3T3-L1 cells
during adipocyte differentiation. The PCR products of VEGF were densito-
metrically analyzed, and the relative amounts in predifferentiated 3T3-L1 cells
were set to 1.0, Results are represente ‘means + SD. Arrowhead, VEGF 64;
* VEGFss. .

mice was 51 snificantly related to thelr body weight, the same as

P
were revealed to be dependent on visceral fat accumulation.
Therefore, to clarify the VEGF expressions with regard to

Table 1. VEGF concentrations of conditioned media
cultured with pre- and postdifferentiated 3T3-L1 cells

Days

Differentiation periods 0 7 14 . 21

VEGF concentration, ng/ml 0.6x0.1 09x0.2 24x05 2.6*0.2
Total protein concentration, mg/ml  0.4x0.1 04*0.1 04*0.2 04+0.2

Values are means * SD. VEGF, vascular endothelial growth factor.

VEGF EXPRESSION IN- ADIPOCYTES

whether subcutaneous or visceral adlpose tissue affects plasma
VEGF concentration in db/db’ mice,-’ examined mRNA
expressions and protein contents of.VEGE-in visceral and
subcutaneous adlpose tissues- duung growth:“The mRNA ex-
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Fig. 8. Effect of conditioned media cultured with pre- and postdlfferennated
3T3-L1 cells on tube formation acthlty in human umbilical vein endothelial
cells (HUVECS). A: light microscopic findings of tube formation of HUVECs
in various conditions, Formation of capillary tube-like structures by HUVECs
was assessed in a Matrigel-based assay as previously described (8). HUVECs
were seeded on Growth Factor Reduced BD Matrigel matrix with conditioned
medium derived from pre- or postdifferentiated 3T3-L1 cells in the presence or
absence of anti-mouse VEGF-neutralizing antibody or recombinant VEGF
protein, After 13 h of stimulation, phase-contrast microscopic low-power fields
(X100) were photographed. a: medium alone; b: stimulated with recombinant
VEGF (5 ng/ml); ¢ and d: with conditioned medium from predifferentiated
3T3-L1 cells; e and f with conditioned medium from postdifferentiated
3T3-L1 cells; ¢ and e: in the absence of anti-VEGF antibody; d and f. in the
presence of anti-VEGF antibody. B: tube length of HUVECs stimulated with
conditioned medium prepared from pre- or postdlfferemxated 3T3-L1 cells.
The total length of capillary tubes formed by HUVECs in 3 different photo-
graphs per well were measured using a scale ruler. Bar a, medium alone; bar
b, recombinant VEGF (5 ng/ml); bar c, conditioned medium from prediffer-
entiated 3T3-L1 cells alone; bar d, conditioned medium from predifferentiated
3T3-L1 cells with anti-VEGF antibody; bar e, conditioned medium from
postdifferentiated 3T3-L1 cells alone; bar f, conditioned medium. from post-
differentiated 3T3-L1 cells with anti-VEGF antibody.
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Fig. 9. Comparison of VEGF, PPARY, and GLUT4 expressions among mice
implanted with 3T3-L1 cells into mesenteric or subcutanéous fat area and
controls. A: gene expression profiles in 3T3-L1 cells implanted into adipose
tissues of nude miice. Images show RT-PCR products of VEGF, PPARY,
and GLUT4 amplified from total RNA in adipose tissues. Lane .I, mesen-
teric adipose tissues injected with PBS alone; lane 2, mesenteric adipose
tissues injected with 3T3-L1 cells; lane 3, subcutaneous adipose tissues
injected with PBS alone; lane 4, subcutaneous adipose tissues injected with
3T3-L1 cells. Arrowhead, VEGFie4; *, VEGF,ss. B: plasma VEGF con-
centrations in mice implanted with 3T3-L1 cells. Plasma VEGF concen-
trations were measured at 4 wk after implantation with 3T3-L1 cells. Lane
1, mice injected with PBS alone into mesenteric area; lane 2, mice injected
with 3T3-L1 cells into mesenteric area; lane 3, mice injected with PBS
alone into subcutaneous area; lane 4, mice injected with 3T3-L1 cells into
subcutaneous area.

pression levels of VEGF in visceral fat were more enhanced
than in subcutaneous fat. Furthermore, the protein contents
were enhanced in visceral fat but not in subcutaneous fat.
These results suggest that plasma VEGF concentrations are
revealed to be dependent on visceral fat accumulation even in
mice.

The expression levels of TNF-a and PAI-1 in adipocytes are
reported to be directly related to the degree of differentiation
from preadipocytes and to be dependent on their anatomic
location (12, 14, 20, 21). Therefore, we demonstrated the
degree of fat accumulation in adipocytes and the correlation
between VEGF mRNA expressions and adiposity in subcuta-
neous and mesenteric adipose tissues. Whole tissue weights of
mesenteric and subcutaneous fat were increased gradually
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during growth. However, total cell counts were significantly
decreased during growth in mesenteric fat but not in subcuta-
neous fat. A significant correlation between VEGF mRNA
expressions and weight and adiposity in mesenteric adipose
tissue was observed, but not in subcutaneous adipose tissue.
These results suggest that the increase of weight in mesenteric
adipose tissue is dependent on fat accumulation in adipocytes
but not in subcutaneous adipose tissue. Moreover, VEGF
expression is dependent on the levels of fat deposition in
adipocytes. Then, we isolated the adipocyte fraction from
mesenteric fat and examined VEGF mRNA expression in
adipocytes. VEGF expression levels in the adipocyte fraction
were also increased during growth.

Next, we examined the relation between VEGF expression .
and degree of differentiation using 3T3-L1 cells, an established
adipocyte cell line. VEGF mRNA was expressed even in the
preadipocyte condition, and its expression was enhanced after
adipocyte conversion. Especially, the expression levels of
VEGF mRNA were significantly increased 14 days after dif-
ferentiation. Furthermore, the levels of VEGF protein secretion
were almost the same level as gene expression. These results
suggest that VEGF production may be dependent on the lipid
accumulation (maturation) as well as the time lapse after
adipocyte conversion rather than adipocyte differentiation from
preadipocytes in 3T3-L1 cells.

We next determined whether VEGF protein secreted from
3T3-L1 cells has some biological activities. To know the role
of VEGF in physiological or pathological conditions, we ex-
amined the effect of conditioned medium derived from 3T3-L1
cells on in vitro tube formation activity in HUVECs. The

conditioned media from pre- and postdifferentiated 3T3-L1

cells enhanced angiogenesis in vascular endothelial cells.
These results suggest that VEGF protein secreted from adipo-
cytes may play some roles in the pathological neovasculariza-
tion observed in diabetic retinopathy or atherosclerosis.

In the third set of experiments, the effects of anatomic
localization on fat accumulation and VEGF production in
adipocytes were analyzed using a cell implantation technique.
3T3-L1 cells implanted into the mesenteric area of athymic
mice expressed more VEGF mRNA than that implanted into
the subcutaneous area. The expression of PPARy was also
higher in 3T3-L1 cells implanted into the mesenteric area than
into the subcutaneous area, and plasma VEGF concentrations
in the mice implanted with 3T3-L1 cells into the mesenteric
area were higher than in the subcutaneous area. These results
suggest that a certain mechanism may exist in the visceral fat
area to make implanted 3T3-L1 cells for enhanced VEGF
production.

In summary, these results from in vitro and in vivo experi-
ments indicate that VEGF expression in adipocytes is possibly
differentiation as well as time (age) dependent after adipocyte
conversion and may be determined by the site of body distri-
bution. Further experiments are required to clarify the mecha-
nism of enhanced expression of VEGF in visceral fat,
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Adiponectin and other Adipocytokines as
Predictors of Markers of Triglyceride-Rich
Lipoprotein Metabolism

Dick C. Cuan,! GEraLp F. Warrs,”” THEoDORE W.K. Ng,! Yosuiaxr UcHiDa,?
NAOHIKO SAKAI? SHizuYA YamasuITA,? and P. HucH R. BARRETT!

Background: Adipocytokines are bioactive peptides
that may play an important role in the regulation of
glucose and lipid metabolism. In this study, we inves-
tigated the association of plasma adipocytokine concen-
trations with markers of triglyceride-rich lipoprotein
(TRL) metabolism in men.

Methods: Fasting adiponectin, leptin, resistin, interleu-
kin-6 (IL-6), tumor necrosis factor-a (TNF-a), apoli-
poprotein (apo) B-48, apo C-III, and remnant-like parti-
cle (RLP)-cholesterol concentrations were measured by
immunoassays and insulin resistance by homeostasis
assessment (HOMA) score in 41 nondiabetic men with a
body mass index of 22-35 kg/m”. Visceral and subcuta-
neous adipose tissue masses (ATMs) were determined
by magnetic resonance imaging and total ATM by
bioelectrical impedance.

Results: In univariate regression, plasma adiponectin
and leptin concentrations were inversely and directly
associated with plasma apoB-48, apoC-III, RLP-choles-
terol, triglycerides, VLDL-apoB, and VLDL-triglycerides
(P <0.05). Resistin, IL-6, and TNF-a were not signifi-
cantly associated with any of these variables, except for
a direct correction between apoC-III and IL-6 (P <0.05).
In multivariate regression including HOMA, age, non-
esterified fatty acids, and adipose tissue compartment,
adiponectin was an independent predictor of plasma
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apoB-48 (B coefficient = —0.354; P = 0.048), apoC-1II (8
coefficient = —0.406; P = 0.012), RLP-cholesterol (f
coefficient = -—0.377; P = 0.016), and triglycerides (8
coefficient = —0.374; P = 0.013). By contrast, leptin was
not an independent predictor of these TRL markers.
Plasma apoB-48, apoC-III, RLP-cholesterol, and triglyc-
erides were all significantly and positively associated
with plasma insulin, HOMA, and visceral, subcutane-
ous, and total ATMs (P <0.05).

Conclusions: These data suggest that the plasma adi-
ponectin concentration may not only link abdominal fat,
insulin resistance, and dyslipidemia, but may also exert
an independent role in regulating TRL metabolism.

© 2005 American Association for Clinical Chemistry

Obesity is strongly associated with insulin resistance and
dyslipidemia and increased risk of cardiovascular disease
(CVD)* (1, 2). Hypeririglyceridemia attributable to in-
creased plasma concentrations of VLDL apolipoprotein
(apo) B-100 and chylomicron apoB-48 is the most consis-
tent lipid disorder in obesity (3, 4). The precise underly-
ing mechanism for this lipid abnormality remains unclear
but may relate to oversecretion, reduced hydrolysis,
and/or impaired clearance of triglyceride-rich lipopro-
teins (TRLs) (3, 5). We have previously shown that obe-
sity in men is associated with increased hepatic secretion
and delayed catabolism of TRLs and that these kinetic
defects are in part related to accumulation of abdominal
fat and insulin resistance (3,5). We also demonstrated

4 Nonstandard abbreviations: CVD, cardiovascular disease; apo, apoli-
poprotein; TRL, triglyceride-rich lipoprotein; RLP, remnant-like particle; IL-6,
interleukin-6; TNF-«, tumor necrosis factor-a; MRI, magnetic resonance imag-
ing; HOMA, homeostasis assessment; BMI, body mass index; ATM, adipose
tissue mass; FFM, fat-free mass; SAATM, subcutaneous abdominal adipose
tissue mass; IPATM, intraperitoneal adipose tissue mass; RPATM, retroperi-
toneal adipose tissue mass; NEFA, nonesterified fatty acid; and SDS-PAGE,
sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
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that obese individuals have insulin resistance and in-
creased concentrations of markers of TRL metabolism,
including apoB-48, apoC-IlI, remnant-like particle (RLP)-
cholesterol, non-HDL cholesterol, and triglycerides (3).

The precise relationships between dyslipoproteinemia,
adiposity, and insulin resistance are complex and unde-
fined (2,4, 6). Adipose tissue has recently been shown to
‘secrete a variety of bioactive peptides, cailed adipocyto-
kines, that can potentially impact on glucose and lipid
metabolism (7-9). These adipocytokines include adi-
ponectin, leptin, resistin, interleukin-6 (IL-6), and tumor
necrosis factor-a (TNF-a). Adiponectin, also known as
adipocyte complement-related protein of 30 kDa
(ACRP30), adipoQ, and gelatin-binding protein of 28 kDa
(GBP28), is a protein present at relatively high concentra-
tions in the circulation (9). Unlike other adipocytokines,
plasma adiponectin concentrations are decreased in obese
and insulin-resistant individuals, including those with
type 2 diabetes (10, 11). Experimental and clinical evi-
dence suggests that other adipocytokines may exert their
effects on insulin sensitivity by influencing adipocyte
expression and secretion of adiponectin (12). Hypertri-
glyceridemia, low HDL-cholesterol concentrations, and
decreased LDL particle size have recently been shown in
humans to be correlated with low plasma adiponectin
concentrations independent of the amount of intraab-
dominal fat and degree of insulin resistance (13, 14).
Moreover, a recent intervention trial reported that
changes in adiponectin concentrations after weight loss
are correlated with improvements in plasma lipid concen-
trations independent of changes in adiposity and insulin
sensitivity (13). However, the association between plasma
adiponectin and specific markers of TRLs in relation to
insulin resistance and body fat distribution has not been
investigated previously.

In the present study, we hypothesized that, in men,
adiponectin would be the adipocytokine most closely
associated with changes in TRLs, namely apoB-48 and
RLP-cholesterol, and that this association would be inde-
pendent of body fat compartments and insulin resistance.
Our principal aims were () to examine the association of
markers of TRL metabolism, as reflected by plasma con-
centrations of apoB-48, apoC-Ill, and RLP-cholesterol,
with plasma adiponectin, leptin, resistin, TNF-a, and IL-6
concentrations; and (b) to explain these associations in
relation to variations in body fat compartments and
insulin resistance, measured by magnetic resonance im-
aging (MRI) and homeostasis assessment (HOMA) score,
respectively.

Materials and Methods
STUDY POPULATION
We studied 41 Caucasian men with a body mass index
(BMI) ranging from 22 to 35 kg/m? and no history of
familial dyslipidemia, intercurrent illness, or use of med-
ications affecting lipid metabolism. All were nonsmokers
and were consuming ad libitum weight-maintenance di-

ets, as described previously (15). Participants were se-
lected from the community. The study was approved by
the Royal Perth Hospital Ethics Committee.

CLINICAL PROTOCOLS
Clinical tests. Body weight, height, and waist and hip
circumference were recorded as described previously
(15); BMI and waist-to-hip ratio were calculated. Blood
pressure was recorded semiautomatically by use of a
Dinamap recorder (Critilzon). Body composition was es-
timated, with participants at rest in the supine position
after emptying their bladders, by use of a Holtain Body
Composition Analyser (Holtain Ltd.) from which total
adipose tissue mass (ATM), fat mass, and fat-free mass
(FFM) were derived; FFM was calculated by use of the
formula of Lukaski et al. (16): FFM = (0.85 x H?/Z) +
3.04, where H is the height (cm) of the individual and Z is
impedance. For this measure, participants were also
asked to refrain from alcoholic beverages for 24 h; they
were then studied in the morning, 15 min after emptying
their bladder and in a temperature-controlled room. The
technical error for FFM was <3%.

Dietary and energy expenditure records. Participants com-
pleted a 7-day food intake diary that recorded all dietary,
alcohol, and energy intake; data were analyzed by use of
DIET4 Nutrient Calculation Software (Xyris Software)
based on the Australian Food Composition Database
(NUTTAB 95; Australian Government Nutrient Data-
base). :

MRI MRI of eight transaxial segments (field of view,
40-48 em; 10-mm thickness) at intervertebral disc posi-
tions from Ti1 to S1 was carried out with a 1.0-Tesla
Picker MR scanner (Picker International) and a Ti-
weighted fast-spin-echo sequence with a high fat-to-water
signal ratio. Subcutaneous abdominal ATM (SAATM),
intraperitoneal ATM (IPATM), and retroperitoneal ATM
(RPATM) areas were calculated by summing the relevant
adipose tissue pixel units with purpose-designed soft-
ware, as used previously (15). Fat anterior to the posterior
peritoneum and anterior abdominal wall was defined as
IPATM, and fat posterior to the posterior peritoneum was
defined as RPATM. Anterior and posterior subcutaneous
abdominal compartments was separated by drawing a
perpendicular line at the midpoint of the anterior—poste-
rior line passing through midpoints of the vertebral
bodies in the MRI images. Anterior SAATM was obtained
by subtracting posterior SAATM from total SAATM. The
imaging protocol has a technical error of <10% and is
highly correlated (R*> = 99%) with measurements ob-
tained from imaging of the abdominal region by contig-
uous fransaxial slices. On the basis of phantom studies
using oil/water emulsions, the accuracy of our method
for delineating regional adipose tissue was 100.1 (0.01)%.
The reproducibility of duplicate in vivo measures of
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IPATM and SAATM had a CV <3.5%. Further details are
described elsewhere (15).

BIOCHEMICAL ANALYSES

Fasting plasma cholesterol, triglycerides, and HDL-cho-
lesterol were determined by standard enzymatic methods
(interassay CVs <3%). LDL-cholesterol was calculated
by use of the Friedewald equation. Non-HDL cholesterol
was derived as total cholesterol minus HDL-cholesterol.
The VLDL fraction was isolated from 3 mL of plasma
by ultracentrifugation (Kontron Instruments) at 147 000g
for 16 h at 4°C, and the triglyceride concentration was
measured as described above. VLDL-apoB concentra-
tions were determined by a modified Lowry method
(interassay CV <5%) (5). Plasma nonesterified fatty acids
(NEFAs) and glucose were measured by enzymatic meth-
ods and insulin by an immunosorbent assay. Insulin
resistance was estimated by the HOMA score (17). Plasma
apoB-48 concentrations were measured by a sandwich
ELISA using anti-human apoB-48 monoclonal antibodies
(designated B-48-151) as reported previously (interassay
CV <5%) (18). This direct ELISA measurement of apoB-48
in plasma was highly correlated with the traditional
method using sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) coupled with immuno-
blotting and enhanced chemiluminescence in frozen
plasma samples (n = 30; r = 0.805; P <0.001) with a wide
range of triglyceride concentrations (0.4-5.0 mmol/L)
(19). Values were 0.3-17.7 mg/L [mean (SD), 5.5 (4.8)
mg/L] for the ELISA method and 9.51-54.40 mg/L
[52.3 (11.6) mg/L}] for the SDS-PAGE method. Plasma
apoC-IIl was measured by immunoturbidimetric assay
(Daiichi). Plasma RLP-cholesterol was determined with a
JIMRO-II (Japan Immunoresearch Laboratories) assay us-
ing an immunoseparation technique (interassay CV <5%)
(20). Plasma adiponectin, leptin, IL-6, TNF-¢, and resistin
concentrations were measured by enzyme immunoassays
(R & D Systems and Phoenix Pharmaceuticals); the inter-
assay CV for these methods were <7%.

STATISTICAL ANALYSES

All analyses were performed with SPS5 11.5 (SPSS). The
data are reported as the mean (SD). Skewed data were
log-transformed where appropriate. Associations were
examined by simple and stepwise linear regression meth-
ods. Because we carried out multiple comparisons, we
considered that only P <0.01 was of major importance in
univariate analysis, but we also considered the conven-
tional P <0.05 as being statistically significant. Multiple
regression models were used to determine the variables
that best predicted plasma apoB-48, apoC-Iil, RLP-choles-
terol, triglyceride, and VLDL-apoB concentrations. The
adipose tissue compartment the most significantly corre-
lated with corresponding dependent variable in stepwise
regression analysis was included in the regression mod-
els.

Table 1. Anthropometric and ATM characteristics of the 41
men studied.

Characteristics Mean (SD) Range
Age, years 47 (9) 25-61
Systolic blood pressure, mmHg 127 (16) 96-164
Diastolic blood pressure, mmHg 76 (10) 53-96
Weight, kg 97 (12) . 67-117
BMI, kg/m? 30(3) 22-35
Waist-to-hip ratio 1.0 (0.1) 0.9-1.1
FFM, kg 63 (8) 40-83
IPATM, kg 3.7 (1.5) 1.2-8.3
RPATM, kg 0.5 (0.06) 0.1-3.7
SAATM, kg 4.0 (1.4) 1.4-6.9
Anterior SAATM, kg 1.4 (0.6) 0.2-2.9
Posterior SAATM, kg 2.6 (0.9) 0.8-4.4
Total ATM, kg 33(10) 13-56

Resuits

The anthropometric and ATM characteristics of the 41
men are shown in Table 1. They were generally middle
aged and normotensive. Thirteen were nonobese, and 28
were obese, defined as BMI =30 kg/m® The mean pro-
portions of total adipose tissue as IPATM, RPATM, and
SAATM were 11%, 1.5%, and 12.1%, respectively. Of total
SAATM, 35% was in the anterior and 65% in the posterior
compartment. '

The biochemical characteristics in the individuals stud-
ied are shown in Table 2. On average, the group was
dyslipidemic, with increased triglycerides and low HDL-
cholesterol, and insulin resistant. Four had impaired
fasting glucose (6.1-6.9 mmol/L). Mean (SD) dietary
intake per day was as follows: energy, 9276 (2030) kJ; total
fat, 36 (7)%; carbohydrates, 38 (8)%; protein, 21 (4)%; alco-

Table 2. Biochemical characteristics of the men studied.

Characteristics Mean (SD) Range
Cholestero!, mmol/L 5.7 (0.9) 3.8-8.3
Triglycerides, mmol/L 2.7 (1.9) 0.5-8.8
HDL-cholesterol, mmol/L 1.0 (0.3) 0.6-1.8
Non-HDL cholestero!, mmol/L 4.7 (1.0) 3.1-7.4
LDL-cholestero!, mmol/L 3.6 (0.9) 1.5-5.8
RLP-cholesterol, mg/L 367 (34) 52-1670
ApoB-48, mg/L 8.9 (6.1) 1.0-24
ApoC-it, mg/L 163 (98) 29-410
VLDL-triglycerides, mmol/L 1.3(1.3) 0.1-6.1
VLDL-apoB, mg/L 194 (167) 34-865
VLDLtriglycerides/apoB 13.2 (9.3) 0.36-63.9
NEFAs, mmol/L 0.90 (0.27) 0.45-1.67
Glucose, mmol/L 5.4 (0.6) 4.1-6.9
Insulin, miU/L 11.7 (8.5) 2.6-41.8
HOMA score 2.9(2.3) 0.6-10.8
Adiponectin, mg/L 4.4 (2.4) 1.4-11.4
Leptin, pug/L 18 (4) 10-23
Resistin, pg/L 204 (69) 53-366
TNF-a, ng/L 17 (7) 6-39
IL-6, ng/L 12 (5) 4-30
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hol, 6 (6)%; and cholesterol, 385 (176) g. Compared with
the 13 nonobese men, the 28 obese men had significantly
increased plasma glucose, insulin, triglyceride, apoB-48,
apoC-Ill, RLP-cholesterol, non-HDL cholesterol, VLDL-
apoB, VLDL-triglycerides, and leptin concentrations and
HOMA scores (P <0.01), and significantly lower plasma
HDL-cholesterol and adiponectin concentrations (P
<0.01), with no significant group differences in plasma
resistin, IL-6, or TNF-a concentrations.

The univariate associations of plasma lipid and li-
poprotein concentrations with plasma adipocytokine con-
centrations, measures of insulin resistance, and adipose
tissue compartments are shown in Table 3. Plasma adi-
ponectin concentration was significantly and negatively
correlated with plasma apoB-48, apoC-III, RLP-choles-
terol, triglyceride, total cholesterol, non-HDL cholesterol,
VLDL-apoB, and VLDL-triglyceride concentrations and
positively with HDL-cholesterol (P <0.05 for both). By
contrast, plasma leptin concentration was positively asso-
ciated with plasma apoB-48, apoC-Ill, RLP-cholesterol,
triglyceride, non-HDL cholesterol, VLDL-apoB, and
VLDL-triglyceride concentrations and inversely with
HDL-cholesterol (both P <0.05). Plasma VLDL-apoB con-
centration was significantly and positively correlated with
triglyceride (r = 0.799; P <0.001), cholesterol (r = 0.447; P
<0.01), and non-HDL cholesterol ( = 0.534; P <0.001)
concentrations and negatively with HDL-cholesterol (r =
0.402; P <0.01) concentration. The associations of apoB-48,
apoC-I1I, RLP-cholesterol, and triglycerides with plasma
adiponectin and leptin are shown in Figs. 1 and 2,
respectively. Plasma resistin, IL-6, and TNF-a concentra-
tions were not significantly associated with any of these
lipid and lipoprotein variables except for a direct correla-
tion between apoC-IIl and IL-6 (r = 0.321; P <0.05).
Plasma apoB-48, apoC-1II, RLP-cholesterol, triglyceride,
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VLDL-apoB, and VLDL-triglyceride concentrations were
positively associated with insulin, HOMA score, and the
masses of all adipose tissue compartments except for total
ATM in the case of VLDL-triglycerides. Plasma apoB-48
concentrations were also highly significant associated
(both P <0.01) with plasma concentrations of triglycerides
(r = 0.826), RLP-cholesterol (r = 0.732), non-HDL choles-
terol (r = 0.517), and VLDL-apoB (r = 0.829). Moreover,
plasma adiponectin and leptin concentrations were signif-
icantly associated with insulin concentrations, HOMA
score, and the masses of all adipose tissue compartments
except for RPATM. Plasma resistin, 1L-6, and TNF-a were
not significantly associated with insulin concentration,
HOMA score, and the masses of all adipose tissue com-
partments except for IPATM in the case of IL-6 and TNF-a
(data not shown).

As shown in Table 4, plasma adiponectin concentration
was a significant independent predictor of plasma apoB-
48, apoC-II, RLP-cholesterol, and triglyceride concentra-
tions (P <0.05) in regression models including HOMA
score, adipose tissue compartment, age, and NEFAs.
Plasma adiponectin concentration was also a significant
independent predictor of plasma VLDL-apoB (B coeffi-
cient = —0377; P = 0.016) and VLDL-triglyceride (8
coefficient = —0.364; P = 0.042) concentrations. In these
models, IPATM was also an independent predictor of
plasma apoC-IiI and VLDL-apoB concentrations, whereas
total SAATM was an independent predictor of plasma
triglyceride concentrations (Table 4). In contrast to adi-
ponectin, plasma leptin was not an independent predictor
of plasma apoB-48, apoC-llI, RLP-cholesterol, and tri-
glyceride concentrations in the same regression models
(Table 4). In these models, total SAATM was an inde-
pendent predictor of plasma apoB-48 and triglyceride
concentrations, whereas HOMA score was an indepen-

Table 3. Associations (Pearson correlation coefficients) of plasma lipid and lipoprotein concentrations with plasma
adipocytokine concentrations, measures of insulin resistance, and adipose tissue compartments.

ApoB-48 ApoC-ll RLP-C? TG
Adiponectin ~0.506" -0.531® -0.557° —0.632°
Leptin 0.342° 0.400° 0.423° 0.548°
Resistin -0.113 0.027 -0.073 0.034
TNF-a 0.057 0.204 0.255 0.198
IL-6 0.067 0.321° 0.166 0.169
NEFAs -0.207 -0.456 -0.200 -0.197
Glucose - 0.241 0.364° 0.387° 0.401°
Insulin 0.483% 0.511° 0.613% 0.660"
HOMA score 0.343° 0.411° 0.512° 0.671%
IPATM 0.440° 0.508° 0.490° 0.565°
RPATM 0.335° 0.382¢ 0.398° 0.438°
Total SAATM 0.491° 0.401° 0.435° 0.591°
Anterior SAATM 0.458" 0.385° 0.386° 0.546"
Posterior SAATM 0.462" 0.369° 0.424° 0.560"
Total ATM 0.386° 0.367° 0.396° 0.468°

Cholesterol HDL-C Non-HDL C LDLC VLDL-apoB VLDL-TG
—0.4537 0.474° -0.564° -0.172 -0.622°® -0.452°
. 0.224 —0.414"° 0.334° 0.050 0.463° 0.359°
'0.007 0.120 -0.014  -0.009 -0.010 -0.153
0.197 ~0.105 0.227 0.119 0.187 0.197
0.132 —~0.060 0.133 0.149 0.167 0.110
~-0.078 0.163 -0.411  -0.063 -0.167 —0.042
0.016 -0.370° 0.108 -0.135 0.367° 0.335°
0.423%  -0.439° 0.525° 0.119 0.572¢ 0.386°
0.395% —0.459° 0.509° 0.092 0.440° 0.319°
0.266 -0.366° 0.360° 0.022 0.553" 0.347°
0.206 -0.285 0.280 0.025 0.310° 0.337°
0.317° -0.433° 0.431° 0.132 0.517" 0.417°
0.255 -0.340"° 0.342¢ 0.018 0.452° 0.420°
0.328° -0.453% 0.450° 0.195 0.508" 0.371°
0.301 -0.309° 0.381° 0.173 0.490° 0.254

2 RLP-C, remnantike particle-cholesterol; TG, triglycerides; HDL-C, HDL-cholesterol; Non-HDL C, non-HDL cholesterol; LDL-C, LDL-cholesterol.

& Significant at P <0.01; °P <0.05.
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Fig. 1. Associations of plasma adiponectin concentrations with apoB-48 (A), apoC-iil (B}, RLP-cholesterol (C), and triglyceride (D) concentrations.

dent predictor of plasma RLP-cholesterol and triglyceride
concentrations. Plasma IL-6 concentration was not an
independent predictor of plasma apoC-III in the regres-
sion models including HOMA, age, NEFAs, and IPATM
(data not shown).

Discussion
We report on the relationships between a wide spectrum
of plasma adipocytokines and markers of TRL metabo-
lism in humans. Our principal result was that low plasma
adiponectin concentrations were highly predictive of in-

creased plasma apoB-48, apoC-1II, RLP-cholesterol, and
triglyceride concentrations and that this was independent
of both insulin resistance and size of adipose tissue
compartments. Another new finding was that, in these
men, other adipocytokines (resistin, IL-6, and TNF-a)
were not significantly associated with these markers ex-
cept for a direct association between plasma apoC-IIl and
IL-6 concentrations. In the case of leptin, significant asso-
ciations were not independent of body fat compartments
and insulin resistance. We also showed good agreement
across a wide range of plasma triglyceride concentrations
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Fig. 2. Associations of plasma leptin concentrations with apoB-48 (A4), apoC-il (B), RLP-cholesterol (C), and triglyceride (D) concentrations.
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Table 4. Multiple regression analyses of the relationships
between markers of TRL metabolism, plasma adiponectin
or leptin, HOMA, and adipose tissue compartment.®

B
coefficlent P

Predictor Adjusted R®
ApoB-48 Adiponectin ~0.354 0.044
HOMA | 0.019 0.909
Total SAATM 0.297 0.072
28% (P = 0.005)
Leptin -0.200 0.386
HOMA 0.187 0.259
Total SAATM 0.576 0.013
_21% (P = 0.019)
ApoC-lil Adiponectin —-0.406 0.012
HOMA 0.038 0.820
IPATM 0.322 0.047
33% (P = 0.002)
Leptin 0.093 0.618
HOMA 0.19 0.274
IPATM 0.354 0.077
20% (P = 0.025)
RLP-cholesterol
Adiponectin -0.377 0.016
HOMA 0.203 0.219
IPATM 0236 0.130
36% (P = 0.001)
Leptin 0.133 0.461
HOMA 0.336 0.049
{PATM 0.241 0.207
26% (P = 0.008)
Triglycerides
Adiponectin —0.374 0.013
HOMA 0.213 0.129
Total SAATM 0.325 0.021
49% (P = 0.001)
Leptin 0.099 0.623
HOMA 0.335 0.024
. Total SAATM 0.403 0.044

40% (P = 0.001)

®The adipose tissue compartment most closely correlated with the corre-
sponding dependent variable in stepwise regression analysis was included in the
models, and statistical models were also adjusted for age and NEFAs.

between a new direct ELISA for apoB-48 and a previously
published method based on SDS-PAGE coupled with
immunoblotting and enhanced chemiluminescence (19).
Our data are consistent with previous findings that low
adiponectin concentrations are associated with an athero-
genic lipid profile, including increased triglycerides and
low HDL-cholesterol (13, 14, 21). We have extended these
studies by investigating the association of plasma adi-
ponectin concentrations with markers of TRL metabolism
as measured by plasma apoB-48, apoC-III, and RLP-
cholesterol concentrations and demonstrating that low
adiponectin concentrations are most closely correlated
with accumulation of TRLs independent of insulin resis-
tance and body fat distribution. We also provide new
data, based on comprehensive investigation of body fat

compartments by MRI, that plasma concentrations of
apoB-48, apoC-1II, and RLP-cholesterol are strongly asso-
ciated with adipose tissue compartments, including
IPATM, RPATM, anterior SAATM, posterior SAATM,
and total ATM. :

Dyslipidemia in obesity and insulin resistance is fun-
damentally related to expansion in the plasma pool of
TRLs (6, 22). Accumulation of adipose fat, particularly in
the abdominal region, leads to a markedly increased flux
of NEFAs to the liver (6, 23), which stimulates triglyceride
synthesis (24). Insulin resistance increases hepatic synthe-
sis of lipid substrates and the secretion of VLDL apoB-100;
it also down-regulates LDL receptors (22, 25). These ef-
fects: potentially increase the plasma concentrations of
remnant lipoproteins containing apoB-100 and increase
competition for hepatic uptake between chylomicron and
VLDL remnants (26). However, the lack of a significant
correlation of plasma NEFAs with VLDL-triglyceride
and/or total triglyceride concentration in our study sug-
gests that measurement of circulating NEFAs in plasma
may not simply reflect portal flow of NEFAs to the liver.
We have previously reported that, in obese men, accumu-
lation of TRL remnants is attributable to defective lipoly-
sis and impaired clearance of chylomicron remnants, as
reflected by increased apoC-1Il concentrations and a re-
duced catabolic rate of a remnant-like emulsion (3). The
metabolic differences between obese and nonobese men
in this study were consistent with our previous data (3).
We also demonstrated that insulin resistance and body fat
distribution were strongly and independently predictive
of plasma apoB-48, apoC-IIl, RLP-cholesterol, triglycer-
ide, and VLDL-apoB concentrations.

- The effect of adiponectin on TRL metabolism may
principally involve intrinsic changes in skeletal muscle
lipid metabolism and effects on lipoprotein lipase activity
in both skeletal muscle and adipocytes (8, 27, 28). Adi-
ponectin may decrease accumulation of triglycerides in
skeletal muscle by enhancing fatty acid oxidation through
activation of acetyl-CoA oxidase, carnitine palmitoyl-
transferase-1, and AMP kinase (27). Adiponectin may also
stimulate both lipoprotein lipase (29), the lipolytic en-
zyme that catabolizes VLDL, and apoC-III by increasing
the expression of peroxisome proliferator-activated recep-
tor-a in the liver and adipocytes (30). At the hepatic level,
adiponectin may decrease the supply of NEFAs to the
liver for gluconeogenesis, hence decreasing triglyceride
synthesis. Taken together, low circulating adiponectin
concentrations could lead to delayed removal of TRLs by
the liver and peripheral tissue by increasing competition
between chylomicrons and VLDL for LPL lipolysis, and
between chylomicron remnants and VLDL remnants for
LDL-receptor-mediated clearance (26). Because resistin,
IL-6, and TNF-a were not associated with insulin resis-
tance and total body fat in the present study, it was not
surprising that we found no significant association of
these peptides with markers of TRLs. Our findings also
suggest that plasma leptin may not per se have a direct



584 Chan et al.: Adiponectin and TRL Metabolism

impact on the metabolism of TRLs and may simply reflect
changes in body fat stores (31).

Several methods have been used for the measurement
of apoB-48 in plasma (18, 19, 32). The Western blotting
method is time-consuming and is less quantitative than
the standard ELISA technique; the specificity of poly-
clonal antibodies in the competitive ELISA is also ques-
tionable. In the present study, we used a novel ELISA
system that incorporates monoclonal antibodies against
apoB-48 to measure apoB-48 in plasma (18). This method
enhances the specificity and sensitivity of apoB-48 mea-
surements in plasma without the need for time-consum-
ing isolation of TRLs. Differences in fasting apoB-48
values reported by different methods reflect differences in
standardization (32). Despite the analytical shortcomings
listed above, we found that the apoB-48 values obtained
by our ELISA and the SDS-PAGE methods were well
correlated.

We used a surrogate estimate of insulin resistance, the
HOMA score, which is well correlated with the hyperin-
sulinemic, euglycemic clamp technique (17). Measure-
ments of apoB-48 may not differentiate between the
nascent chylomicron and its remnant. However, because
participants were fasted for at least 12 h to ensure
minimal intestinal secretion of nascent chylomicrons, the
apoB-48 concentration was probably indicative of small,
dense chylomicrons and their remnants. In addition,
fasting RLP-cholesterol is not a specific marker of chylo-
micron and VLDL remnants because it quantifies apoE-
rich lipoproteins of intestinal origin as well as some
hepatic lipoproteins (20, 33). The association of plasma
adipocytokines with apoC-IIl kinetics also requires fur-
ther investigation. Future studies should examine the
effect of adiponectin genotypes on TRL metabolism
(34, 35). In addition, the individual effects of the full-
length peptide as well as the low- and high-molecular-
weight forms of adiponectin on TRL metabolism also
merit further investigation (36).

Several studies have clearly demonstrated the close
relationship between the impaired metabolism of TRLs
and the development of CVD and type 2 diabetes (33, 37—
39). Clinical and experimental data have also recently
demonstrated that adiponectin is a strongly protective
predictor of CVD, having several aritiatherogenic proper-
ties (28,40, 41). Our study therefore suggests that the
relationship between low adiponectin concentrations and
CVD may in part be mediated by the accumulation of
TRLs in plasma. However, definitive evidence of the role
of adiponectin in regulating TRL metabolism will require
further investigation using adiponectin-knockout animals
and recombinant adiponectin replacement therapy (29).
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Identification of Unique Lipoprotein Subclasses for Visceral
Obesity by Component Analysis of Cholesterol Profile in
High-Performance Liquid Chromatography

Mitsuyo Okazaki, Shinichi Usui, Masato Ishigami, Naohiko Sakai, Tadashi Nakamura,
Yuji Matsuzawa, Shizuya Yamashita

Objective—The contribution of visceral fat accumulation to the development of coronary heart disease was previously
reported, but the relation between visceral fat accumulation and serum lipoprotein subclasses was unknown.

Methods and Results—We examined the relation of lipoprotein subclasses with visceral fat accumulation in 62 male
subjects (aged 22 to 67 years) with visceral fat syndrome or obesity. Cholesterol levels in very low—density, low-density,
and high-density lipoprotein subclasses (VLDL, LDL, and HDL) were determined by computer-assisted high-perfor-
mance liquid chromatography. Subcutaneous fat area and visceral fat area were measured by computed tomographic
scanning. There was no significant correlation between the subcutaneous fat area and the cholesterol levels in all
lipoprotein subclasses. In contrast, the visceral fat area was correlated positively (P<0.002) with VLDL and LDL
subclasses, except for large LDL, but negatively (P<<0.001) with those in large and medium HDL subclasses. The
observed positive correlations of small and very small LDL subclasses remained significant (P<<0.005) after adjustment
for serum cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol, respectively, but a significant negative
correlation (P<<0.005) of large LDL was obtained after adjustment for LDL cholesterol.

Conclusion—These findings indicate that this simple high-performance liquid chromatography method may be applied for
easy detection and evaluation of abnormal distribution of lipoprotein subclasses. (Arterioscler Thromb Vasc Biol. 2005;

25:578-584.)

Key Words: obesity & risk factors ® particle size ® triglyceride

ipoprotein profiles are well accepted as predictors of risk

for coronary heart disease (CHD). The important rela-
tionship between elevated low-density lipoprotein cholesterol
(LDL-C) or decreased high-density lipoprotein cholesterol
(HDL-C) and the increased risk of CHD is definitely estab-
lished in many epidemiological studies.!'? Another estab-
lished risk factor for cardiovascular disease is obesity, which
was confirmed to be a strong positive predicting factor of
CHD in the Framingham Heart Study, and the risk for CHD
is particularly increased when abdominal obesity is present.?
Although measurement of LDL-C and HDL-C has been
recommended by the U.S. National Cholesterol Education
Program for initial classification of CHD risk status,* obesity
is not considered to be a major risk factor, because the
incremental risk imparted by obesity independently of ac-
companying risk factors is uncertain. Atherogenic dyslipid-
emia frequently found in abdominal obesity is a combination
of high serum triglycerides (TG) and low HDL-C, which is a
strong correlate of the small dense LDL phenotype.5 Choles-

terol synthesis is increased in men with visceral obesity, and
this may be partly related to insulin resistance, and the
reduction in visceral fat is associated with a decrease in the
hepatic secretion of VLDL apolipoprotein B (apoB).¢ We also
previously reported that the contribution of visceral fat
accumulation to the development of CHD is partially through
progression of insulin resistance in nonobese men.” The
visceral fat area (VFA) had significant positive correlations
with serum total cholesterol (TC), serum TG, apoB, and apoE
levels and the concentrations of VLDL-C, intermediate den-
sity lipoprotein cholesterol (IDL-C), and LDL-C.

Many studies showed that LDL subclasses, characterized
by variations in their density, size, and chemical composition,
might be clinically significant.®® Although earlier studies for
lipoprotein subclass analysis have been done by analytical
ultracentrifugation,!® density analysis by various preparative
ultracentrifugation methods have also been used: sequential
separation at various density,'! rate zonal ultracentrifuga-
tion,'2 and density gradient ultracentrifugation.!® The particle
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size analysis by nondenaturing gradient gel electrophoresis
has been used,'+!5 and recently the Lipoprint LDL system
(Quantimetrix) using nongradient (3%) polyacrylamide gel
electrophoretic method has been developed.'¢ More recently,
a rapid and convenient method using nuclear magnetic
resonance (NMR) has been developed!?-!8 and used widely in
clinical subjects.'®2¢ Many methods for detection and quan-
tification of LDL subclasses based on their particle size,
density, shape, and charge were reported, but it is unclear
which method is clinically useful.?!

High-performance liquid chromatography (HPL.C) with gel
permeation columns is an alternative method for classifying
and quantifying lipoproteins on the basis of differences of
particle size.2223 We successfully applied this technique to
compare the effects of bezafibrate and pravastatin on lipopro-
tein subclasses in type 2 diabetes.2* The HPLC method,
similar to the NMR, measures all lipoprotein subclasses at a
single analysis from very small amount of whole serum or
plasma in a very short time. The HPLC, however, may be
superior because of direct cholesterol determination available
in major lipoproteins and their subclasses.

In this study, a new simple and fully automated method for
analyzing lipoprotein subclasses by HPLC with gel perme-
ation columns followed by mathematical treatment on chro-
matograms was applied to examine the relationship of cho-
lesterol levels in lipoprotein subclasses with visceral fat
accumulation in men with obesity or nonobese subjects with
accumulation of visceral fat. The clinical significance for
measurements of the cholesterol levels in all lipoprotein
subclasses by HPLC method will be evaluated on the basis of
visceral fat accumulation, which plays an important role in
the occurrence of CHD associated with a cluster of multiple
risk factors. ’

Methods

Subjects

Sixty-two men (aged 22 to 67 years) were enrolled in this study,
which included 15 healthy volunteers and 47 hospitalized patients in
Osaka University Hospital. All of the subjects gave their informed
consent before entering the study according to the Osaka University
Hospital ethics committees. All patients had no severe hepatic or
renal diseases, and none of them had any medication known to affect
insulin action or serum lipoprotein levels. Venous blood was drawn
after an overnight fasting. Serum samples were kept in a refrigerator
and analyzed within 7 days after blood collection.

HPL.C Method

Serum lipoproteins were analyzed by HPLC, as previously de-
scribed.23.25 In brief, 5 ul whole serum sample was injected into 2
connected columns (300X7.8 mm) of TSKgel LipopropakXL
(Tosoh) and eluted by TSKeluent Lp-1 (Tosoh). The effluent from
the columns was continuously monitored at 550 nm after an online
enzymatic reaction with a commercial kit, Determiner L TC (Kyowa
Medex). The cholesterol concentration in major lipoproteins and
their subclasses was calculated by our own computer program, which
was designed to process the complex chromatograms with the
modified Gaussian curve fitting for resolving the overlapping peaks
by mathematical treatment.

We determined the number, position, and width of each Gaussian
component peak for subclass analysis to carry out a sufficient curve
fitting analysis of various samples from animals and humans under
the constant condition in which the peak width and position of each
Gaussian curve were not changed. For this purpose, we first took
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priority to refer the mean particle size of VLDL and LDL of healthy
normolipidemic men (n=28). Therefore, the positions of component
peaks 6 and 9 corresponded to those of VLDL (36.8+2.5 nm) and
LDL (25.5+0.4 nm) of healthy subjects, respectively. Similarly, the
positions of peaks 5 and 10 were those of VLDL (44.5%2.1 nm) and
LDL (23.0+0.5 nm) of extremely hypeririglyceridemic subjects
>1000 mg/dL (n=7) with or without lipoprotein lipase (LPL),
respectively. Peak 7 corresponded to LDL (or VLDL; 31.3=1.0 nm)
of type III hyperlipidemia with apoE2/2 (n=5). Peak 15 was HDL
(13.5£0.4 nm) of cholesterol ester transfer protein deficiency (n=6).
Other component peaks (peaks 16 to 20) of HDL subclasses were
based on the 5 subclasses determined by HPLC using a gel
permeation column (G3000SW) with a separation range for only
HDL.23:26 In addition to the 11 component peaks determined by some
experimental background as described above, 9 additional peaks
(peaks 1 to 4, 8, and 11 to 14) were introduced to obtain the best
curve fitting analysis by changing only peak height of each Gaussian
curve. The position of peak 8 (28.6 nm) was determined as the
middle point between peak 7 and peak 9, representing a transition
component from TG-rich remnant lipoproteins to LDL. Four peaks
(peaks 11 to 14) were regularly inserted between peak 10 and peak
15 to make similar intervals from peak 8 to peak 20. Moreover, 3
peaks (peaks 2 to 4) at least needed to be introduced between a void
volume (peak 1) and peak 5 to perform the best curve fitting.
Alternative setting of additional peaks resulted in the decrease of the
degree of curve fitting analysis on the original chromatogram. The
conversion of elution time to particle diameter was performed using
a column calibration curve, a plot of logarithm of the particle
diameter of standard samples, latex beads (Magsphere Inc) 25 and 37
nm in diameter, and a high molecular weight calibrator (Pharmacia
Biotech) containing thyroglobulin (17 nm), ferritin (12.2 nm),
catalase (9.2 nm), albumin (7.1 nm), and ovalbumin (6.1 nm) against
their elution times.

Other Clinical and Lipid Parameter Analysis
Serum TC and TG were determined enzymatically using commercial
kits (Kyowa Medex). HDL-C was quantified by the heparin-Ca®*
precipitation method.?” LDL-C was calculated from the formula of
Friedewald et al.28 Uric acid (UA), fasting immunoreactive insulin
(IRI), and plasminogen activator inhibitor (PAI)-1 were measured by
enzymatic methods and by a double antibody radioimmunoassay,
respectively.

Body fat distribution was determined by computed tomographic
(CT) scanning (General Electric CT/T scanner, General Electric Co)
in the supine position as described previously.? The fat layer to the

TABLE 1. Clinical Characteristics, Lipid, and Lipoprotein
Profiles of 62 Men

Mean=SD Min/Max
Age, years 43.8+£11.3 22/67
Height, cm 169.8+6.3 152/181
Weight, kg 77.5+15.1 56/135
BMI, kg/m? 26.8+4.6 21.0/43.1
VFA, cm? 129.2+50.4 24.0/255.0
SFA, cm? 195.5+97.9 55.0/512.0
UA, mg/dL. 6.4+17 3.8/12.5
IRI, pU/mL 9377 2.0/42.8
PAI-1, ng/mL 25.4+18.6 5.0/75.7
TC, mg/dL 212.6+35.2 135.0/308.7
TG, mg/dL 146.3+88.3 41.5/416.0
HOL-C, mg/dL* 450124 22.6/70.7
LDL-C, mg/dLt 138.3+345 61.1/211.5

*Determined by the precipitation method.
1Calculated by the Friedwald equation.
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TABLE 2. Definition for Major and Subclasses of Serum Lipoproteins and Within-Day Precision (n=5) for
Measurement of Their Cholesterol Levels

Particle Pool 1 (mg/dL) Poal 2 (mg/dL)

Component Diameter Major and

Peak No. (nm) Subclass Name Mean SD CV% Mean SD CV%
1 >90 NA NA NA 3.69 0.04 1.03
2 75 NA NA NA 206 0.06 313
3 64 large VLDL 0.06 0.01 20.69 + 195 0.04 2.30
4 53.6 large VLDL 1.16 0.04 3.07 1.65 0.06 386
5 445 large VLDL 2.37 0.09 3.76 7.58 0.24 3.4
6 36.8 medium VLDL 9.78 0.12 1.27 16.12 0.29 1.83
7 313 small VLDL 7.45 0.31 4.21 1271 0.23 1.78
8 28.6 large LDL 27.92 0.98 3.51 18.56 0.46 2.46
9 255 medium LDL 38.95 0.14 0.37 23.28 0.23 0.97
10 23.0 small LDL 19.22 *0.30 1.54 18.60 0.58 3.09
1 207 very small LDL 4.90 0.05 1.06 9.76 0.28 291
12 18.6 very small LDL 1.39 0.02 1.69 3.52 0.16 4.4
13 16.7 very smalil LDL 0.27 0.01 422 1.29 0.05 391
14 15.0 very large HDL 0.95 0.03 2.64 1.20 0.05 425
15 13.5 very large HDL 1.49 0.06 4.02 207 0.08 3.98
16 121 large HDL 20.27 0.68 3.35 11.51 0.27 237
17 10.9 medium HDL 24,64 0.27 1.09 14.30 0.20 1.38
18 9.8 small HDL 11.92 0.36 3.05 8.86 0.15 1.73
19 88 very smail HDL 3.03 0.09 3.02 2.59 0.09 347
20 7.6 very small HDL 1.25 0.03 2.03 1.68 0.07 3.94
1-20 total 177.0 1.13 0.64 163.0 0.66 0.41
1-2 >80 M NA NA NA 5.75 0.10 1.75
37 30-80 VLDL 20.81 0.52 2.51 40.01 0.52 1.29
8-13 16-30 LDL 92.64 0.56 0.60 75.02 0.61 0.81
14-20 8-16 HDL 63.55 0.13 0.20 42.22 0.33 0.78

NA indicates not available; CV, coefficient of variation; CM, chylomicrons.
Pool 1, normolipidemic pooled serum (TG=56 mg/dL); Pool 2, hyperlipidemic pooled serum (TG=428mg/dL).

extraperitoneal region between skin and muscle was defined as
subcutaneous fat area (SFA), with an attention range from —40 to
—140 Hounsfield units. The intraperitoneal region, with the same
density as SFA, was defined as the VFA. The SFA and VFA were
measured at the level of the umbilicus.

Statistical Analysis
Data are expressed as mean=+SD, unless stated otherwise. Correla-
tions between various variables were presented as the Pearson
correlation coefficient (r-value) with a P-value <0.05 considered to
be statistically different.

Results

Clinical Characteristics and Lipid Levels of
Studied Subjects

Clinical characteristics and lipid levels in 62 men in this study
are shown in Table 1. A considerably wide range of anthropo-
mefric values was obtained, because they were recruited to cover
a large spectrum of body fat values: body mass index (BMI)
from 21 to 43 kg/cm?, VFA from 24 to 255 cm?, and SFA from
55 to 512 cm’. Metabolic parameters showed a variation as
compared reference values: UA from 3.8 to 12.5 mg/dL, IRI
from 2 to 43 pU/mL, and PAI-1 from 5.0 to 75.7 ng/mL.

Analytieal Performance of HPLC for
Determination of Serum Cholesterol Levels in
Major Lipoproteins and Their Subclasses

We defined 3 VLDL subclasses (large, medium, and small),
4 LDL subclasses (large, medium, small, and very small), and

5 HDL subclasses (very large, large, medium, small, and very
small) on the basis of lipoprotein particle size (diameter), as
shown in Table 2: chylomicrons (>80 nm, peaks 1 to 2),
VLDL (30 to 80 nm, peaks 3 to 7), LDL (16 to 30 nm, peaks
8 to 13), and HDL (8 to 16 nm, peaks 14 to 20). The
representative chromatograms for curve fitting analysis of
normolipidemic (TC=131 mg/dL, TG=39 mg/dL) and hy-
perlipidemic subjects (LPL deficiency, TC=219 mg/dL,
TG=1420 mg/dL) are presented in Figure 1.

Within-ron reproducibility (n=35) for the cholesterol determina-
tion of 20 subclasses and major classes was determined on 2
different pooled samples (pool 1; TC=177 mg/dL, TG=56 mg/dL;
pool 2: TC=163 mg/dL, TG=428 mg/dL) as shown in Table 2.

Within-run reproducibility (n=5) of LDL and HDL parti-
cle sizes was 25.2020.07 nm (coefficient of variation [CV],
0.27%) and 11.25+0.04 nm (CV, 0.36%) for pool 1 and
25.63+0.14 nm (CV, 0.56%) and 11.03+0.05 nm (CV,
0.45%) for pool 2, respectively.

Sum area of the 20 Gaussian curves was 100.2:+0.4% (99.1
to 101.7%, n=62) of the area under the original chromato-
gram. Sum of the peak area corresponding to HDL (peaks 14
to 20) was 99.7*+1.1% (98.3 to 103.9%, n=62) of the HDL
peak area under the original chromatogram.

A good correlation between HDL-C determined by the
precipitation method (x) and total HDL (all HDL. subclasses)
by HPLC (y) was obtained: y=0.975x+529 (r=0.973,
n=62, P<0.0001). Moreover, a good correlation between
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Figure 1. Representative HPLC patterns
of (a) a healthy woman and (b) a patient
with LPL deficiency. A 5-uL serum sam-
ple was injected onto 2 tandem gel per-
meation columns (TSKge! LipopropakXL)
and eluted with TSKeluent LP-1 at a flow
rate of 0.7 mL per min. Solid line is real
HPLC pattern detected by online enzy-
matic reaction for TC reagent. Dashed
lines are individual subclasses and their
sum of Gaussian curves, which are
determined curve fitting using Gaussian
summation method. Serum TC and
serum TG levels are 131 mg/dL and 39
mg/dL (a) and 219 mg/dL and 1420
mg/dL (b), respectively. Particle sizes
(nm) determined from observed peak
times are also presented.
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LDL-C calculated by Friedewald equation (x) and total LDL
(all LDL subclasses) by HPLC (y) was also obtained:
y=0.903x+6.28 (r=0.977, n=62, P<0.0001).

Correlation of Cholesterol Profiles by HPLC With

Clinical Parameters

Simple correlations of cholesterol levels in major lipoproteins
and their subclasses with various clinical parameters (age,
BMI, VFA, SFA, UA, IRI, and PAI-1) and serum TG levels
are summarized in Table 3. Moreover, the correlations of
LDL and HDL particle sizes are also presented in Table 3.

As for age, significant negative correlations (P<<0.01) for
medium and small HDL-C were obtained. As for BMI,
significant negative correlations were observed only for HDL
parameters: large HDL-C (P<<0.01) and HDL particle size
(P<0.01). Although no correlations were observed between
SFA and all of the lipoprotein subclasses, there were signif-
icant positive correlations (P<<0.01) of VFA with VLDL-C
subclasses (large, medium, and small) and LDL-C subclasses
(medium, small, and very small) and negative correlations
(P<0.01) with large and medium HDL-C, LDL, and HDL
particle sizes.

As for UA, positive correlations (P<<0.01) for VLDL-C
subclasses (medium and small) and negative correlations
(P<0.01) for large HDL-C and HDL particle size were
obtained. In the case of IRI, positive correlations (P<<0.01)
for small and very small LDL-C and negative correlations
(P<0.01) for large HDL-C and HDL particle size were
obtained. As for PAI-1, positive correlations (P<<0.01) were
observed for small HDL-C and very small HDL-C.

As for serum TG levels, there were significant positive correla-
tions (P<<0.01) of VFA with VLDL-C subclasses (large, medium,
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and small) and LDL-C subclasses (small and very small) and
negative comrelations (P<<0.01) with large ILDL-C, HDL-C sub-
classes (large and medium), LDL, and HDL particle sizes.

Influences of Traditional Lipid Parameters

on the Correlation Between VFA and

Lipoprotein Subclasses

Among the anthropometric values in Table 3, VFA levels
showed most strong correlations with lipoprotein subclasses.
Therefore, influences of traditional lipid parameters on the
correlation between VFA and lipoprotein subclasses were
examined by adjustment for serum TG, serum TC, HDL-C,
and LDL-C levels, respectively (Table 4). Positive correla-
tions of VFA with small LDL-C and very small LDL-C
remained significant (P<<0.01) after adjustment for TG, TC,
HDL-C, and LDL-C, respectively.

As for VLDL subclasses, simple correlation analysis
showed all VLDL subclasses were positively correlated with
VFA, but large VLDL and small VLDL were correlated
negatively and positively with VFA, respectively, after ad-
justment for serum TG level. In the case of LDL subclasses,
adjustment for LDL-C gave a significant negative correlation
(P<0.01) between large LDL and VFA but removed a signifi-
cant positive correlation between medium LDL and VFA.

Effects of LDL-C on the Correlations Between
VFA and LDL Subclasses

The studied subjects were divided into subgroups by the
median value of total LDL-C levels (sum of all LDL
subclasses) into the low LDL-C (n=31, LDL-C<130 mg/dL)
and high LDL-C groups (n=31, LDL-C=130 mg/dL). In the
total population (n=62), a significant positive correlation



