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Associations of Lower-Body Fat Mass with Favorable Profile of
Lipoproteins and Adipokines in Healthy, Slim Women in Early

Adulthqod

Sanae Tanaka', Wu Bin2, Mari Honda?, Kazuhisa Suzuki' 2, Gen Yoshino?, Keisuke Fukuo™?,

and Tsutomu Kazumi*?

'Deparement of Food Sciences and Nutrition, School of Human Environmental Science, Mukogawa Women's University, Hyogo, Japan
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Aim: We determined the association of lower-body fat mass (LFM) and trunk fat mass (TFM) with
cardiometabolic risk factors and adipokines in young, healthy, slim women.

Methods: A total of 481 college female students underwent the following: regional body fat distribu-

tion as assessed by dual energy X-ray absorptiometry (DXA), 2 75g oral glucose tolerance test (OGTT)

and fasting blood sampling for measurement of lipids, lipoproteins, apolipoproteins (apo),

enzymes and adipokines.

liver

Results: After adjusting for TEM, LEM was positively associated with HDL cholesterol, adiponectin,

pre-heparin lipoprotein lipase and insulin sensitivicy,

as estimated by the Matsuda index, whereas it

was negatively related to triglycerides, apo B, apo B/AL1 ratio, small dense LDL, FFA, glucose and
insulin at 2h during OGTT, area under the curve of insulin response during OGTT and the white
blood cell count. Participants were divided inte 9 groups according to tertiles of TFM and LFM. In
the middle tertile of TEM, HDL cholesterol and adiponectin increased and triglycerides, apoB/Al
ratio and plasminogen-activator inhibitor-1 decreased from the low to high LFM tertiles. Gamma-
glutamyltransferase levels in middle and high LFM tertiles were lower than in the lower LFM tertile.

Conclusion: For a given level of trunk fat mass,

a higher lower-body fat mass is associated with an

advantageous profile of not only blood lipoproteins but also serum adipokines, even in healthy, slim

women in early adulthood.

] Atheroscler Thromb, 2011; 18:000-000.
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Introduction

Increases in abdominal circumference have been
demonstrated to be associated with an increased risk
of both cardiovascular diseases and type 2 diabetes'.
On the other hand, increases in hip circumference
seem to have protective effects against these condi-
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tions*®. Studies in postmenopausal women have
revealed that trunk fat mass (TFM) measured using
dual energy X-ray absorptiometry (DXA) is a strong
independent predictor of insulin resistance and dyslip-
idemia®?. Several studies have also suggested thac in
contrast with trunk fat, peripheral adiposity may
attenuate both insulin resistance and dyslipidemia'®"?
or just lipid levels'® in normal and overweight post-
menopausal women. Although these differences may
be duc to differences in adipokine secretion from
regional adipose tissue, a few studies have determined
serum adipokine levels'”'®.

The majority of the above studies using DXA
have been limited to females with a mean BMI of



around 26 kg/m?, but have also included senior sub-
jects. Because obesity and ageing are known to affect

glucose and lipid metabolism, specifically in women ),

and because very little information is available on the
relationship between regional body composition and
cardiovascular risk factors in very young and lean
adults, we studied healthy, very young and slim
women as described below to avoid confounding fac-
tors. The aim of this study was first whether fat mass
is associated with numerous cardiometabolic risk fac-
tors and adipokines in healthy, slim women in early
adult life with a narrow age span. A second aim was to
investigate the association between regional fat mass

by DXA and risk factors and adipokines.

Subjects and Methods

Participants

481 female students at Mukogawa Women's
University were enrolled; all were Japanese and aged
18-24 years. Subjects with clinically diagnosed acute
or chronic inflammatory diseases, endocrine, cardio-
vascular, hepatic, renal diseases, hormonal contracep-
tion, or unusual dietary habits were excluded. No sub-
ject was taking any medication. The study was
approved by the ethics committees of the university
and written informed consent was obtained from all
participants.

Anthropometry and Body Compeosition

Body weight, height, and waist circumference
(WC) were measured following standard procedures
and BMI was calculated. Whole-body DXA was per-
formed using fan beam technology (Hologic
QDR-2000, software version 7.20D; Waltham, MA).
This software provides estimates of lean tissue mass,
fat mass, and bone mineral mass for the total body
and for standard body regions. Using specific ana-
tomic Iandmarks, regions of the head, trunk, arms,
and legs were distinguished as previously reported®”.

Insulin, Glucose, and Insulin Resistance

Blood samples were obtained in the morning
after a 12-hr overnight fast. The oral glucose tolerance
test (OGTT) was performed with 75-g glucose admin-
istration in 165 participants. Blood samples were taken
at 0, 30, 60, and 120 min for glucose and insulin anal-
ysis. Plasma glucose was determined by the hexo-
kinase/glucose-6-phosphate dehydrogenase method
[interassay coefficient of variation (CV) <2%)]. Serum
insulin was measured by ELISA with narrow specific-
ity, excluding des-31, des-32, and intact proinsulin
(interassay CV <6%). Insulin resistance was deter-

mined by homeostasis model assessment (HOMA-IR)
using fasting plasma glucose and insulin levels*” and
Matsuda’s index (insulin sensitive index, ISI) using
glucose and insulin levels during OGTT?). Area
under the curve during OGTT (AUC) was calculated
using the trapezoidal method.

Lipids, Lipoproteins, Apolipoproteins and Liver
Enzymes

Serum triglycerides, total cholesterol, high-den-
sity lipoprotein (HDL) cholesterol and liver enzymes
were measured in fasted blood samples using an auto-
analyzer (AU5232; Olympus, Tokyo, Japan). Apalipo-
protein A-1 (apoAl) and apolipoprotein B-100 (apoB)
were measured by their respective commercially avail-
able kits using an Olympus autoanalyzer (AUGOO;
Mitsubishi Chemicals, Tokyo, Japan). Low-density
lipoprotein (LDL) cholesterol was calculated using
Friedwald’s formula®. Small dense LDL was mea-
sured by a precipitation method?”. Free fatty acid
(FFA) was measured using enzymatic colorimetric
methods (Wako, Tokyo, Japan). Remnant-like particle
(RLP) cholesterol was measured by an immunoaffinity
separation method (RLP-C assay; Otsuka, Japan). Pre-
heparin serum lipoprotein lipase (LPL) mass was mea-
sured by sandwich ELISA using a specific monoclonal
antibody against bovine milk LPL, as described by
Kobayashi ef al*>. Using a commercial kit from Dai-
ichi Pure Chemicals (Tokyo, Japan, interassay CV=
2.8%) was used.

Adipokines, Inflammation and Oxidative Stress
Markers

Adiponectin was assayed by a sandwich enzyme-
linked immunosorbent assay (Otsuka Pharmaceutical
Co., Led., Tokushima City, Japan). Intra- and inter-
assay CV were 3.3% and 7.5%, respectively. Leptin
was assessed by an RIA kit from LINCO research (St.
Charles, MO, interassay CV=4.9%). Highly sensitive
C-reactive protein (hs-CRP) was measured by an
immunoturbidometric assay using reagents and cali-
brators from Dade Behring Marburg GmbH (Mar-
burg, Germany; interassay CV <5%). TNF-a was
measured by immunoassays (R&D Systems, Inc.,
Minneapolis, MN, interassay CV <6%). Plasminogen
activator inhibitor-1 (PAI-1) was measured by ELISA
(Mitsubishi Chemicals, interassay CV <8%). For sta-
tistical analysis, serum concentrations of hs-CRP and
TNF-a below the limit of detection were assigned a
value of 0.05 mg/L and 0.50 pg/mL (lowest limit of
detection), respectively. Adipokines and inflammatory
markers were measured in fasted blood samples.
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Statistics

Data are presented as the mean = SD unless oth-
_ erwise stated. Due to deviations from normal distribu-
tion, CRP was logarithmically transformed for analy-
sis. Mean differences across tertiles were compared by
the nonparametric Mann-Whitney U test. Bivariate
correlations of regional fat mass with cardiometabolic
parameters were evaluated by both Pearson and Spear-
man correlation analysis. The two methods gave prac-
tically identical results, thus only Pearson correlation
coefficients are presented. A two-tailed value of p<
0.05 was considered significant. Statistical analysis was
performed with SPSS system 17.0 (SPSS Inc,, Chi-
cago, IL).

Results

Participants were lean, normoglycemic, normo-
lipidemic and normotensive and had normal liver
function tests (Tables 1 and 2). After adjusting for
TEM (Table 2), LFM was positively associated with
HDL cholesterol, adiponectin, pre-heparin LPL and
insulin sensitivity, as estimated by the Matsuda index,
whereas it was negatively related to triglycerides, apo-
lipoprotein B, small dense LDL, FFA, glucose and
insulin concentrations at 2h during OGTT, in the
AUC of insulin and the white blood cell count. In
contrast to LFM, TFM showed opposite associations
with all variables described above. TFM was also posi-
tively associated with fasting insulin, HOMA-IR,
RLP-cholesterol, PAI-1 and log(CRP). LFM was neg-
atively associated with glucose AUC and TNEF-a.

Participants were divided into 9 groups accord-
ing to tertiles of TFM and LFM. In the middle rtertile
of TEM (TMF range: 5.64-7.33 kg), women with
LFM in the top tertile had very small but significantly
greater TEM than women in low and median tertiles
(Table 3A). Similarly, in the middle tertile of LFM
(LMF range: 4.87-5.99 kg), women with TFM in the
middle and top tertiles had small but significantly
greater TEFM than women in the low tertile (Table 3B).

After adjusting for TFM (Fig.1), increases in
LFM were associated with stepwise increases in HDL
cholesterol (73£2.2, 77+1.5, 80=2.1 mg/dL) and
adiponectin (9.2£0.7, 1 1.6£0.5, 14.7+0.7 pg/mlL)
whereas they were accompanied by stepwise decreases
in triglycerides (61%4, 57%3, 474 mg/dL), the
apoB/Al ratio (043+001 vs. 041001 and 039
001) and PAI-1 (25.1£2.5,22.9%1.7, 15.7%2.3 ng/
mL). Gamma-glutamyltranspeptidase levels in middle
and high LFM tertiles (13.2%0.5 and 13.2+0.7
units/L, respectively) were lower than in the low LFM
certile (15.0£0.7 units/L). There was no difference in
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Table 1. Anthropometric characteristics of very young, healchy,

slim women
Age (year) 20313
Weight (kg) 54.3+7.5
BMI (kg/m?) 209422
Waist circumeference(cm) 72158
Total fat mass (kg) 14.1%4.3
Toral fat mass (%) 26.0x5.9
Trunk fat mass (kg) 6.8x2.4
Trunk fat mass (%) 26.7£6.8
Lower-body fat mass (kg) 5.6x1.5
Lower-body fat mass (%) 28.6%5.7
Total lean mass (kg) 37.3x£55
Trunk lean mass (kg) 17.6+2.6
Lower-body lean mass (kg) 12.9+2.3

Mean£8D. n=481

lean tissue mass in any regions measured in the middle
tertile of TEM (data not shown).

In the middle tertile of LFM (LFM range:
4.87-5.99 kg), women with TFM in median and top
tertiles had small but significantly greater LFM than
women in the low tertile (Table 3B). After adjusting
for LEM (Fig. 2), young women in the top TFM ter-
tile had greater triglycerides (63 %4 vs. 5224 and 57
+3 mg/dL), apo B (722 vs. 67%2 and 68+ 1 mg/
dL), apoB/A1 ratio (045 =002 vs. 041 =001 and 041
+001) and TNF-a (0.84£0.10 vs. 0.60+0.05 and
0.60%0.03 ng/mL) than the other 2 groups. RLP-
cholesterol levels were higher in the middle and high
than low TEM tertiles (3.020.2 and 3.0£0.1 vs. 2.6
+0.2 mg/dL). In contrast, increases in TEM were
associated with a stepwise decrease in adiponectin
(12.8£0.70, 11.7£0.43, 9.7+0.50 pg/mL, Fig. 2).

Only serum leptin showed positive associations
with both TEM and LEM but the association was
stronget with TFM than with LFM in young slim
women (Table 2). Serum leptin increased in a step-
wise fashion as LFM (7.0+0.4, 7.2%0.3, 8.6 £0.4 ng/
mL) and TFM (6.4%0.3, 7.2+ 0.3, 9.3+ 0.4 ng/mL)
increased in the middle tertile of TFM and LFM,

respectively.

Discussion

The main finding of this study is that even in
healthy, slim women in early adult life, larger LFM
was associated with a favorable lipid profile, whereas
larger TFM was associated with an unfavorable lipid
profile. Furthermore, larger LFM was associated with
a favorable serum adipokine profile, whereas larger
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Table 2. Cardiomerabolic characteristics of young women and partial Pearson’s correlation coefficient (r) of trunk
fat mass (TFM) and lower-body fac mass (LFM) after adjusting for LFM and TEM, respectively

Mean£SD partial ¢

TEM LFM
Fasting glucose (mg/dL) 847 -0.072 0.094*
2-h glucose (mg/dL) 89x20 0.168" -0.186**
Fasting insulin (¢ U/mL} 6.0+3.9 0.157*%* =0.056
2-h insulin (#U/mL) 32.2%23.6 0.234*** -0.211**
Matsuda index 10.75.3 ~-0.144 0.150*
HbAlc (%) 4.8%0.2 -0.041 0.030
HOMA-IR 1.27%1.11 0.199™ -0.082
Triglyceride (mg/dL) 58+ 30 0.195*** -0.173™**
Total cholesterol (mg/dL) 182x27 0.078 -0.014
HDL cholesterol (mg/dL) 76£13 -0.202*** 0.137**
LDL cholesterol (mg/dL) 95+ 23 0.160™*" -0.052
Small dense LDL (mg/dL) 11,9252 0.207™** -0.140"
Apolipoprotein Al (mg/dL) 16721 -0.167** 0.089
Apolipoprotein B (mg/dL) 7014 0.234*** -0.124**
RLP-cholesterol (mg/dL) 2.9%2.0 0.118™* -0.078
FFA (mEg/D) 0.52%0.22 0.051 -0.189™
Preheparin LPL (ng/mL) 7619 -0.287"** 0.320™**
Leptin (ng/mL) 7.8£3.7 0.389*** 0.094*
Adiponectin (pg/mL) 11.5£4.3 -0.399™* 0.368™**
PAI-1 (ng/mL) 21.0£12.1 0.128** -0.063
CRP (pg/dL) 3072 0.129** -0.070
TNE-a (pg/mL) 0.65+0.45 0.080 ~0.124™*
Systolic blood pressure (mmHg) 106x10 0.088" -0.003
Diastolic blood pressure (mmHg) 60x7 0.075 -0.008
AST (U/dL) 19%8 -0.061 0.033
ALT (U/dL) 1327 0.070 -0.049
GGT (U/dL) 145 0.088 -0.051

n=481, except for 2-h glucose and insulin and Matsuda index in oral glucose rolerance rests, which were performed in 168
women. HOMA-IR: homeostasis model assessment of insulin resistance, RLP: remnant-like lipoprotein, FFA: free facty acid. LPL:
lipoprotein lipase, PAI-1: plasminogen activator inhibitor-1, CRP: C-reactive protein, TNF-a: tumor-necrosis factor-a, AST:
aspartate aminotransferase, ALT: alanine aminotransferase, GGT: y-glutamyltransferase, *p<0.05, **p<0.01, ***p<0.001.

TFM was associated with an unfavorable serum adi-
pokine profile. It is worth noting that in the present
study these observations were found in a homoge-
neous sample of very young female college students,
most of whom were nonobese, normolipidemic, non-
diabertic, and normotensive. In addition, no subject
reported a smoking habit or alcohol intake and no
subject was receiving any medications.

There are some known regional differences in
adipokine secretion between abdominal subcutaneous
and visceral fat®® ?”), but less is known about differ-
ences between gluteal and abdominal subcutaneous
far®, Although several studies have reported the pro-
tective effects of lower-body fat on lipid metabolism
[See Ref. 28], and a few studies have examined the

associations of lower body fat with serum adiponectin
as far as we know, no study has examined the associa-
tions with serum PAI-1 or TNF-a.

In the present study employing young, slim
women, larger LFM resulted in increased serum adi-
ponectin. Several other studies with direct measure-
ment of different fac depots by DXA found a positive
association of adiponectin with LFM'7 ¥ Further-
more, larger LFM was associated with decreased PAI-1
and lower GGT in addition to higher adiponectin in
young, healthy, slim women. Plasma PAI-1 levels have
been shown to be more strongly related to liver steatosis
than to adipose tissue accumulation®” although
abdominal adipose tissue is an important source of
plasma PAI-1 in insulin resistance syndrome with cen-
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Table 3. Fat distribution of women in low, median and high tertiles of lower-body fat mass in the
middle tercile of crunk far mass (A) and fac distribution in low, median and high rertiles
of trunk fac mass in the middle tertile of lower-body fat mass (B)

Tertiles of lower-body fat mass

A) Women with TFM in the

median certile Low Median High
(n=54) (n=53) (n=54)
Body weight (kg) 524254 537+5.1° 56.7%6.5°
Body fat mass (kg) 12.5+0.7° 13520.7° 150+ 1.0°
Trunk fat mass (kg) 63%0.5° 64+04" 6.610.51)
Lower-body fat mass (kg) 46£04" 55+0.2° 65%0.5°
Tertiles of trunk fat mass
B) Women with LFM in the - -
median tertile - Low Median High
(n=54) (n=54) (n=53)
Body weight (kg) 52.9%5.8° 53.6£5.0™° 55.0%5.1°
Body far mass (kg) 122206 13.6£0.7" 15.5%1.3¢
Trunk fat mass (kg) 5404 6403 8.1+1.0°
Lower-body fac mass (kg) 53%0.3" 55030 5.5% 0.3°

Mean = SD. Means not sharing common letters are significantly diferent atc #<0.05 or less. TFM and LFM:

trunk and lower-body far mass, respectively.

tral obesity®®. Lower concentrations of hepatic
enzymes, including GGT levels®", and higher adipo-
nectin®? appear to reflect lower liver fat content.
Taken together, we speculate that liver fat may be a
knot linking higher adiponectin, lower PAI-1 and
GGT associated with larger LFM found in young
women. A negative association between adiponectin
and central fat mass accumulation and visceral fat
mass>* % was confirmed in the present study. Finally
and unexpectedly, we found that larger TFM was asso-
ciated with higher serum TNF-a even in young,
healthy, slim women in the present study. We have no
explanation for this finding because it is reported that
there is no association between body fat distribution
and serum TNF-a levels™ *?, although they were
increased in obesity®”*¥.

In addition to favorable effects on the adipokine
profile, for a given level of TFM, larger LEM was asso-
ciated with an advantageous serum lipid profile, i.e.,
higher HDL cholesterol and lower TG in young
healthy, slim women. A favorable association of lower
body fat with HDL cholesterol and TG has been
reported in postmenopausal women'"'? and men'®.
Both serum adiponectin and insulin sensitivity have a
mediating role between body fat distribution and
blood lipids that may be manifested both in the liver
and peripheral tissue'®. LFM was positively associated
with adiponectin in the current study although it was
not associated with HOMA-IR, a crude marker of

insulin resistance, in young women. Another explana-
tion for favorable effects on che lipid profile is the
opposite contributions of regional far mass to plasma
lipase activities’”. Larger LFM and lower TFM in
postmenopausal women were reported to be associ-
ated with higher lipoprotein lipase and lower hepatic
lipase activities in post-heparin plasma®”, respectively,
both of which contribute to higher HDL cholesterol
and lower triglyceride®. In the present study, pre-
heparin LPL was associated positively with LEM and
negatively with TFM in young women, although most
pre-heparin LPL is in an inactive form but might
reflect somewhat the amount of LPL working in the
body*". There was, however, no difference in pre-hep-
arin LPL mass among the tertiles of both LFM and
TFM in the current study.

Abnormal apolipoprotein B metabolism has been
reported to occur in the early phase of normoglycemic
and fasting normotriglyceridemic insulin-resistant
women with abdominal obesity*?. This may be con-
sistent with our finding that larger TEM was associ-
ated with an increase in apolipoprotein B in young,
slim women. In addition, elevated concentrations of
RLP-cholesterol and triglycerides as well as apolipo-
protein B, all of which were associated with larger
TFM in young women in the present study, have been
shown to be a characeristic feature of the atherogenic
lipoprotein phenotype* *. Finally, larger TFM was
assoctated with a greater ratio of apo B to Al, a strong,
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Fig.1. Serum lipids and adipokines in low (z=54, circles),
middle (=53, wiangles) and high (n=54, squares)
tertiles of lower body fat mass in the middle tertile of
trunk fat mass. Participants were divided into 9 groups
according to tertiles of TFM and LFM. In the middle
tertile of TFM, TMF ranged from 5.64 to 7.33 kg.
Lower body fat mass averaged 4.6 kg in low, 5.5 kg in
middle and 6.5 kg in high tertiles of lower-body fat.
For derails, see Table 3. Data are the mean + SE. PAI-1:
plasminogen activator inhibitor-1, GGT: gamma-
glutamyltransferase, ApoB/Al: apolipoprotein B/Al.
Means not sharing common letters are significantly
different at p<0.05 or less.

new risk factor for cardiovascular disease*?
women in the present study.

The main limitation of our study is that DXA
does not allow separate quantification of intermuscu-
lar and subcuraneous fat in the legs, and visceral fat
and subcutaneous fat in the trunk. The contribution
of subcutaneous fat to the total amount of fat in the
legs, however, is relatively large®; therefore, the asso-
ciations found in our study with fat mass in the legs
are probably mainly due to the subcutaneous fat
depot. The cross-sectional design of the present study
complicates the drawing of causal inferences, and a
single measurement of biochemical variables may be
susceptible to short-term variation, which would bias
the results toward the null. We used several surrogates
in the present study, which may be less accurate.

In summary, larger fat mass in the lower body
has a considerable and favorable association with lipo-
protein and adipokine metabolism even in healthy,
slim, young women. These findings provide relevant
new insight into the associations among obesity, body
composition, and type 2 diabetes. Further investiga-
tion of the underlying pathophysiological mechanism
is needed to explain the favorable association of leg fat

, in young
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Fig.2. Serum lipids and adipokines in low (2=40, circles),
middle (#=80, triangles) and high (=41, squares)
tertiles of trunk fat mass in the middle tertile of lower-
body fat mass. LFM ranged from 4.87 to 5.99 kg in
the middle tertile of trunk far mass. For details, see
Table 3. Data are the mean*SE. Means not sharing
common letters arc significantly differenc at p<0.05
ot less. TNF-a: tumor necrosis factor-a, RLP-choles-
terol: remnant-like particle cholesterol, ApoB: apoli-
poprotein B.

with lipoprotein and adipokine metabolism.
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Associations of 18-Year-Old Daughters’ and Mothers’ Serum Leptin,

Body Mass Index and DXA-Derived Fat Mass

Sanae Tanaka', Wu Bin?, Mari Honda?, Seiki Nanbu', Kazuhisa Suzuki' 2, Keisuke Fukuo'?,
and Tsutomu Kazumi™ 2

' Department of Food Sciences and Nutrition, School of Human Environmental Sciences, Hyogo, Japan
2Qpen Research Center for Lifestyle-related Diseases, Mukogawa Women’s University, Hyogo, Japan

Aim and Methods: We assessed the relationship of the body mass index (BMI) of 187 college female
students aged 18 years with the reported BMI of their middle-aged biological parents measured on 2
occasions: when the parents were 18-20 years old and at the time of the study. The relationships of
fat mass measured using whole body dual energy X-ray absorptiometry (DXA) and serum leptin lev-
els were also determined between 148 daughters and middle-aged parents (148 mothers and 59
fathers). .

Results: The BMI of daughters was associated with their mothers’ BMI (r=0.30, p<0.0001) but not
with their fathers BMI measured when they were 18 years old. Daughters’ BMI showed a stronger
association with the current BMI of their mothers BMI (r=0.36, p<0.0001) than that of their
fathers’ BMI (=0.19, p=0.01). In addition, the serum leptin levels of daughters were correlated
with their mothers’ leptin values (r=0.22, p=0.04). Further, not only total body fat mass (»=0.19,
£<0.05) but also fat mass in the trunk (=0.18, p<0.05) and legs (r=0.17, p<0.05) was associated
between daughters and their mothers.

Conclusion: The significant correlation between daughters’ and mothers’ BMI measured when their
mothers were 18 years old did not result from shared environmental factors, including the intrauter-
ine environment. The results in the present study therefore suggest that adiposity in 18-year-old
daughters may be influenced by the maternal effect. The associations of serum leptin and DXA-

derived fat mass between daughters and their mothers may support our hypothesis.

J Atheroscler Thromb, 2010; 17:1077-1081.

Key words; BMI, Leptin, Fat mass, DXA, Offspring-parent relation

Introduction

The contributions of genetic and environmental
factors to obesity in humans have been investigated in
a variety of family studies covering a wide range of
age”. Genetic transmission as well as familial aggrega-
tion of obesity have been reported?. Pedigree studies
provide one means for disentangling the genetic and
environmental sources of covariation among traits.
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Inspection of significant familial patterns can lead to
certain genetic and environmental inferences. For
example, a pattern of significant correlations among
siblings and between parents and offspring (who share
about half their genes), but not between spouses (who
share few genes, assuming random mating), suggests
genetic heritability. Similarly, cross-trait familial corre-
lations lead to the same type of genetic and environ-
mental inferences. A pattern of significant cross-trait
correlations between parents’ body size and offsprings
insulin level, and among siblings, but not spouses,
would suggest that 2 common gene (or genes) influ-
ences both traits.

Because, as a general rule, mitochondrial DNA is
exclusively maternally inherited® and because mito-
chondria are fundamental in mediating effects on
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Table 1. Current BMI and BMI at age 18 in daughters and
their parents

Table 2. Fat mass measured using DXA and serum leptin in
daughters and their parents

Daughters ~ Mothers Fathers Daughters ~ Mothers Fathers
(n=186) (n=186) (n=179) (n=148) (n=148) (n=59)

Age (years) 19 483 514 Age (years) 20.0=0.8 504 52%5
BMI at age 18 (kg/mz) 20.2%2.4 20.0+2.0 20.5*2.3 BMI (kg/m?) 20422 22028 24.1%23
Current BMI (kg/m?) 20.1+£22 21.8%x27 237%23 Body fat mass (kg) 14444 16.1£59 15562
Mean % SD Trunk fat mass (kg) 7.0£2.5 8.7+3.6 9.7+4.1
Leg fat mass (kg) 56%1.5 53+1.8 4.0%+1.6
Leptin (ng/mL) 8.6%£3.9 7.6x4.9 3.6%2.3

energy dissipation?, we assessed the relationship
between body mass index (BMI), a surrogate of body
fat, in young women and their mothers, and com-
pared with their fathers BMI. These comparisons
used BMI measured on 2 occasions; when parents
were 18 years old and at the time of the study. We also
measured serum leptin and fat mass using dual energy
X-ray absorptiometry (DXA), a well-established tech-
nique of measuring body composition that has been
validated against most other reference measures. Since
age is one important factor known to affect mitochon-
drial function®, we studied healthy, young and slim
people as described below.

Methods

The study population consisted of 2 groups of
young women and their biological parents. The young
women were students of the Department of Food Sci-
ences and Nutrition, Faculty of Environmental Sci-
ences, Mukogawa Women’s University (Nishinomiya,
Japan). The study was approved by the MWU ethnic
committee and written informed consent was obtained
from all participants.

One group consisted of 208 female college stu-
dents aged 18 years, who entered the Department of
Food Sciences and Nutrition, School of Human Envi-
ronmental Science, Mukogawa Women’s University, in
2001. Height and weight were measured to the near-
est 0.1 cm and 0.1 kg, respectively. Current BMI
(weight in kg/ height in m) was calculated from these
measurements. Anthropometric measurements were
also performed 12 months later.

We asked their parents to recall their body weight
at the age of 18 years and at the time of the study.
Self-reported heights and weights, which were shown
to respond closely to measured heights and weights®?),
were available in 187 out of 208 students (Table 1).

Fat mass and serum leptin were measured in
another set of 148 daughter-mother pairs and 59
daughter-father pairs (Table 2). Daughters were stu-
dents of the University and the characteristics of the

Mean £SD

Fig. 1. Standard regions of DXA scanning: 1, head; 2, trunk;
3, arms; 4, legs.

daughters'® and their mothers'” are described in
detail elsewhere. Body composition was determined
using whole-body DXA (QDR-2000, software version
7.20D; Hologic, Bedford, MA, USA) as previously
reported!”. The software provides estimates of lean
tissue mass, fat mass, and bone mineral mass for the
total body and for standard body regions. With the
use of specific anatomic landmarks, regions of the
head, trunk, arms, and legs were differentiated as
shown in Fig. 1. Legs included both lower extremities
and gluteal regions.

Blood samples were obtained in the morning
after a 12-hr overnight fast. Leptin concentrations
were assessed by an RIA kit from LINCO research (St.
Charles, MO, inter-assay CV=4.9%).

Statistical analysis was performed with Stat View.
Data are presented as the means= SD. Spearman’s cor-
relation coefficients were calculated to determine the
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Mothers’ BMI at age 18 Fathers’ BMI at age 18
| r=0.30 1 r=0.05  Jag
30r h<0.0001 ' p=0.53
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p<0.000
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Fig.2. Correlations between daughters and their biological parents of
BMI at age 18 (upper panel) and current BMI (lower panel).

relation of parents’ BMI to the blood pressure and
BMI of their daughters. P values <0.05 were consid-
ered significant.

Results

As shown in Fig.2, 18-year-old daughters’ BMI
was associated with the current BMI of their mothers
and fathers; however, it is noted that associations were
stronger between daughters’ and mothers’ BMI than
between daughters’ and fathers BMI. In addition,
18-year-old daughters’ BMI was associated with their
mothers’' BMI measured when they were 18 years old.
In contrast, there was no correlation between 18-year-
old daughters’ BMI and fathers’ BMI measured when
they were 18 years old. The results using students
BMI measured 12 months later were essentially same.
Daughters’ BMI at age 19 was strongly associated with
their mothers’ BMI at age 18 (»=0.35, »<0.001) and
current BMI (r=0.34, p<0.001). Corresponding cor-
relation coefficients with their fathers’ BMI were 0.06
and 0.14 (not significant).

Table 3. Correlation coefficients of serum leptin and fat mass
measured using DXA between daughters and their

parents

Daughter- Mother

Daughter - Father

(n=148) (n=59)
BMI (kg/m?) 0.22° 0.02
Serum leptin (ng/mL) 0.17* 0.06
Fat mass (kg):  body 0.19% 0.12
trunk 0.18% 0.11
legs 0.17° 0.12
arm 0.06 -0.01

% $<0.05, % p<0.01

Not only serum leptin levels but also total body
fat mass measured using DXA were associated between
daughters and their mothers, whereas there was no

relation between daughters and their fathers (Table 3).
In addition, trunk and leg fat mass of daughters were
associated with those of their mothers but not with
their fathers. Fat mass of the arms did not show a sig-
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nificant association between daughters and parents.

Discussion

In the present study, we found a significant asso-
ciation of 18-year-old daughters BMI, a surrogate of
total body fat, with their mother’s BMI measured
when they were 18 years old. In contrast, there was no
association between daughters’ BMI and fathers’ BMI
measured when they were 18 years old. In addition,
not only serum leptin levels but also fat mass in the
body, trunk and legs measured using DXA were asso-
ciated in daughters and their mothers. There was no
relation between daughters and fathers in serum leptin
and fat mass in any regions measured in the present
study. This discrepancy might be in part due to the
smaller number of daughter-father pairs.

The underlying mechanisms of the associations
of 18-year-old daughters BMI with mothers BMI
measured when the mothers were 18 years old remain
to be elucidated. We cannot rule out the possibility of
genetic imprinting and sex-linked genetic transmis-
sion; however, significant correlations between
18-year-old daughters BMI and mothers’ BMI mea-
sured when mothers were 18 years old did not result
from shared environmental factors, including intra-
uterine environment, although parent-offspring corre-
lations in general do not allow the separation of
genetic and environmental transmission. These results
therefore suggest that their mothers’ but not their
fathers’ mitochondrial function may influence adipos-
ity in 18-year-old daughters because, as a general rule,
mitochondrial DNA is exclusively maternally inher-
ited? and because mitochondria are fundamental in
mediating effects on energy dissipation?. Age'? and
exercise'” are major factors known to affect the size
and/or function of mitochondria. We therefore exam-
ined a homogeneous cohort of young healthy Japanese
people. The mothers studied were only, on average, 30
years old when they passed their mitochondria on to
their daughters, who were only 18 years old; therefore,
the characteristics of these mitochondria could not be
attributed to aging. In addition, 18-20-year-old col-
lege students are not sedentary, as compared to mid-
dle-aged individuals in the general population. Fur-
ther, it was noted that the majority of the population
(parents and daughters) did not suffer from metabolic
syndrome, type 2 diabetes, or insulin resistance, but
rather were slim, young and healthy people. We have
recently reported that middle-aged mothers’ BMI was
associated with 18-year-old sons’ BMI, asparate and
alanine aminotransferase and gamma glutamyl trans-
peptidase, all of which are mitochondrial enzymes,

whereas middle-aged fathers’ BMI was not'?, suggest-
ing that 18 year-old sons’ adiposity may be influenced
substantially by a maternal effect. The significant asso-
ciation between 18 year-old daughters BMI and
mothers’ but not fathers BMI measured when the
parents were 18 years old found in the present study
may imply that mothers’ mitochondrial function
may influence adiposity in 18-year-old daughters, as
described above.

Significant associations between 18-year-old
daughters’ BMI and the current BMI of their parents,
although correlation coefficients to mothers’ BMI
were consistently greater than those to fathers’ BMI,
might be related to the dominant influence of mater-
nal genes. Mitochondrial-specific genes could be
potential candidates”, but imprinted genes, in which
only the maternal allele is expressed, might be also
implicated. In addition to a genetic effect, the poten-
tial contribution of environmental and behavioral
components also needs to be considered'> '®. The
effects of the intrauterine environment might contrib-
ute to the stronger association of BMI between daugh-
ters and mothers'”. Further, a greater postnatal shar-
ing of environmental factors between mothers and
daughters than between fathers and daughters might
also explain the stronger maternal effect'®.

In addition to BMI, serum leptin concentrations,
another surrogate of total body fat'”, were correlated
between daughters in early adulthood and middle-
aged mothers. Furthermore, not only body fat mass
but also fat mass in the trunk and legs measured using
DXA, the gold standard to assess regional fat mass,
were associated between daughters in early adulthood
and middle-aged mothers. A strong genetic influence
on BMI, leptin and fat mass has previously been
reported! > 15 %) In contrast to the daughter-mother
relationship, no significant association was found
between daughters in early adulthood and middle-
aged fathers, although these findings deserve further
investigation, because daughter-father pairs were small
in number.

We used recalled body weight and self-reported
current weight. Self-reported weights at 50 years were
reported to be accurate for both men and women7. In
addition, recalling past weight was not significantly
influenced by the passage of time, the numbers of
years of education, or the accuracy of current weight
reports”). In that report, correlations between recalling
past weights and measured weights ranged from
r=0.87 at 18 years to 0.95 at 40 years. In a validation
study in the Nurses’ Health Study I, the difference
between measured and self-reported body weight at
age 18 was, on average, only 1.4 kg®”. The correlation
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coefficient between recalled weight at age 18 and mea-
sured weight in physical examination records at age 18
has been reported to be 0.87.
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Nifedipine Inhibits Vascular Smooth Muscle Cell
Dedifferentiation via Downregulation of Akt Signaling

Taeko Kaimoto, Osamu Yasuda, Mitsuru Ohishi, Masaki Mogi, Yukihiro Takemura,
Toshimitsu Suhara, Toshio Ogihara, Keisuke Fukuo, Hiromi Rakugi

Abstract—Calcium is an essential signaling molecule that controls vascular smooth muscle cell (VSMC) contraction,
proliferation, and differentiation. Here, we show that the calcium antagonist nifedipine inhibits VSMC dedifferentiation
in vitro and in vivo. Differentiated VSMCs cultured on laminin-coated dishes were transferred to laminin-free dishes
to induce dedifferentiation. Induction of dedifferentiation resulted in the upregulation of nonmuscle myosin heavy chain
expression, a marker of dedifferentiation, and the downregulation of smooth muscle myosin heavy chain expression, a
marker of differentiation. Nifedipine significantly inhibited both the induction of these phenotypic changes and
upregulation of Akt signaling in these cells. Administration of nifedipine at a low concentration that did not affect blood
pressure could inhibit the increase in nonmuscle myosin heavy chain expression and decrease in smooth muscle myosin
heavy chain expression in a rat balloon-injury model. Furthermore, nifedipine suppressed neointimal hyperplasia and
upregulation of Akt signaling. However, phospho-Akt expression was not suppressed in the regenerating arterial
endothelium of the nifedipine-treated rats. The inhibitory effect of the downregulation of Akt signaling by
dominant-negative Akt on the induction of VSMC dedifferentiation in the intima was identical to that of nifedipine. In
contrast, upregulation of Akt signaling .by transfection of the cells with a constitutively active Akt reversed the
nifedipine-induced inhibition of VSMC dedifferentiation. In conclusion, nifedipine inhibits VSMC dedifferentiation by
suppressing Akt signaling, thereby preventing neointimal thickening. (Hypertension. 2010;56:247-252.)

Key Words: calcium antagonist m hypertension m vascular smooth muscle cell m Akt m dedifferentiation

xcessive proliferation of vascular smooth muscle cells

(VSMCs) plays a major role in the pathogenesis of
vascular diseases. Unlike skeletal or cardiac muscle cells that
have undergone terminal differentiation, VSMCs of adult
animals retain plasticity and can shuttle between a quiescent,
contractile phenotype and a proliferative, synthetic phenotype
in response to various physiological and pathological stimuli.!
Phenotypic changes of VSMCs are known to be critical in the
genesis of atherosclerosis, as well as in neointimal thickening
after angioplasty. Growth factors, inflammatory cytokines,
and extracellular matrix proteins have been reported as
factors that mediate such phenotypic changes of VSMCs.2-4
These changes are accompanied by alterations in the expres-
sion of phenotypic markers, such as smooth muscle a-actin,
smooth muscle myosin heavy chain (SM2), and nonmuscle
myosin heavy chain (SMemb).!5 The phosphatidylinositol
3-kinase/Akt signaling pathway is involved in regulating the
phenotypic changes of VSMCs. The Akt signaling is acti-
vated by certain growth factors, such as platelet-derived
growth factor (PDGF), which influences the phenotype of
VSMCs.6

Calcium antagonists are widely used to treat angina pec-
toris and hypertension. There is evidence that calcium antag-
onist therapy reduces cardiovascular morbidity and mortality
and the progression of atherosclerosis in hypertensive pa-
tients,” partly because of an antioxidant effect and amelio-
ration of free radical damage.'®!" One of the most widely
used calcium antagonists, nifedipine, suppresses the develop-
ment of atherosclerosis in cholesterol-fed rabbits without reduc-
ing hypercholesterolemia.'> Nifedipine dose-dependently re-
duces the expression of proliferative cell nuclear antigen in
the thoracic aorta after balloon injury and inhibits neointimal
thickening.!* However, the influence of calcium antagonists
on the phenotypic changes of VSMCs remains unclear. We
hypothesized that calcium antagonists may inhibit dediffer-
entiation of VSMCs by modulating the phosphatidylinositol
3-kinase/Akt signaling pathway.

Methods

More information on Materials and Methods can be found in the
online Data Supplement (please see http://hyper.ahajournals.org).
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Animals

Male Sprague-Dawley rats were obtained from SLC Japan (Shi-
zuoka, Japan). Animals were maintained at room temperature on a
12-hour light/dark cycle and given access to food and water ad
libitum. The experimental protocols were approved by the Osaka
University Medical School Animal Care and Use Committee and
were performed according to the Osaka University Medical School
Guidelines for the Care and Use of Laboratory Animals.

Cell Culture

Human aortic smooth muscle cells were purchased from Kurabo and
cultured in HuMedia-SG2 medium (Kurabo) supplemented with 5%
FBS. 50 ug/mL of gentamicin, and 50 ng/mL of amphotericin B at
37°C in a humidified atmosphere containing 5% CO,.

Immunohistochemistry

Differentiation marker was visualized by the streptavidin-biotin
method'® using a Labeled Streptavidin Biotin kit (Dako Cytoma-
tion). Mounted sections were preincubated with 0.1 mol/L of PBS
containing 1% albumin for 30 minutes at room temperature and then
incubated overnight at 4°C with mouse anti-a smooth muscle actin
antibody (ClonelA4) or mouse anti-SMemb, mouse anti-SM2, or
rabbit antiphosho- Akt (Ser473) antisera diluted with PBS containing
1% albumin. Then the samples were washed in PBS and incubated
for an additional 1 hour at room temperature with biotinylated goat
antirabbit IgG or antimouse 1gG, followed by further incubation with
horseradish peroxidase-labeled streptavidin for 1 hour at room
temperature. After washing in PBS, the reaction products were
visualized by incubation with 0.020% (weight/volume) 3,3'-
diaminobenzidine and 0.005% (volume/volume) H,O, in 50 mmol/L
of Tris-HCI buffer for 5 to 15 minutes. Finally, the samples were
dehydrated and cover slips were applied with Permount (Eentellan
Neu, Merck).

Western Blot Analysis for a-Actin, SMemb, SM2,
and Phospho-Akt

VSMCs were washed twice in PBS, harvested by scraping, and were
adjusted to 10° cells per 10 pL of lysis buffer (1% SDS, 100 mmol/L
of NaCl, 50 mmol/L of Tris-HCI [pH 8.0], and 20 mmol of EDTA).
The protein concentration of the lysate was determined with a
Bio-Rad protein assay kit (Bio-Rad). Samples containing 20 pg of
protein were run on a 7% to 10% SDS-PAGE gel and electroblotted
onto a polyvinyldine diflouride membrane (Immobilon-P, Milli-
pore). Blots were blocked for 1 hour with 3% skim milk in PBS
containing 0.1% Tween 20; incubated overnight at 4°C with anti-
bodies for a-smooth muscle actin (ClonelA4), SMemb, SM2, or
phospho-Akt (Ser473); and washed 3 times with PBS containing
0.1% Tween 20. Then, blocking with 3% skim milk in PBS
containing 0.1% Tween 20 was done for 1 hour, followed by
incubation with the peroxidase-conjugated secondary antibodies
(antimouse or antirabbit IgG, Promega) for 2 hours at room temper-
ature and washing 3 times with PBS containing 0.1% Tween 20.
Immunoblots were developed with an ECL Western blotting detec-
tion system (Amersham International plc), and the blots were then
reprobed with a-tubulin to confirm equal loading of protein into each
well.

Immunocytochemistry

VSMCs grown in 2-chamber culture dishes (Laboratory-Tek, Nunc,
Inc) were fixed for 5 minutes with 4% paraformaldehyde in PBS at
room temperature, washed twice for 5 minutes each with PBS, and then
preincubated with PBS containing 1% albumin for 30 minutes. The
labeled streptavidin biotin kit (Dako) was used for immunostaining.

Adenoviral Constructs

To modulate Akt activity, we used 2 adenoviral constructs tagged
with the hemagglutinin epitope, as described previously.!s:'® In the
dominant-negative Akt construct (DN-Akt), 2 phosphorylation sites
(serine 473 and threonine 308) were both mutated to alanine,

resulting in a form of Akt that could not be phosphorylated. A
replication-defective adenovirus vector expressed the constitutively
active form of murine Akt (CA-Akt) under the control of the
cytomegalovirus promoter, whereas Adenovirus—f-galactosidase ex-
pressed the LacZ gene under the cytomegalovirus promoter as a
control vector.!? All of the viral constructs were grown in 293 cells
and purified by CsCl gradient ultracentrifugation. Viral titers were
determined by the plaque assay.

Statistical Analysis

Statistical analysis was performed by 1-way ANOVA. Results are
expressed as the mean*SEM, and P<0.05 was considered
significant.

Results

Nifedipine Inhibits VSMC Dedifferentiation

In Vitro

To investigate the influence of nifedipine on the VSMC
phenotype, we examined whether nifedipine modulates ded-
ifferentiation of VSMCs in culture. Differentiated VSMCs
were obtained by culture on laminin-coated dishes, as re-
ported previously.'s'® Then, dedifferentiation of these cells
was induced by transfer to uncoated culture dishes, with the
cells being incubated in the presence or absence of nifedipine.
In the absence of nifedipine, the percentage of SMemb-
positive cells increased from 6 to 72 hours (Figure 1A and
1B), whereas that of SM2-positive cells decreased (Figure 1C
and 1D). These phenotypic changes were significantly inhib-
ited by nifedipine. Western blot analysis also showed that
exposure to nifedipine significantly suppressed both upregu-
lation of SMemb expression (Figure S1) and downregulation
of SM2 expression (Figure S2) induced by dedifferentiation
of VSMCs. These findings indicate that nifedipine inhibits
dedifferentiation of VSMCs in culture.

Nifedipine Inhibits the Akt Signaling in VSMCs

In Vitro

We next examined whether nifedipine influences Akt signal-
ing during dedifferentiation of VSMCs in vitro. Western blot
analysis showed that transfer of differentiated VSMCs to
uncoated dishes resulted in elevated phospho-Akt expression,
which peaked at 6 hours after the transfer. Nifedipine treat-
ment significantly suppressed this elevation induced by ded-
ifferentiation for as long as 3 to 24 hours after induction of
dedifferentiation (Figure 2). Nifedipine treatment also signif-
icantly suppressed the increase in phospho-Akt expression
induced by exposure of cultured VSMCs to PDGF-BB
(Figure S3). Furthermore, a different calcium antagonist,
amlodipine, significantly suppressed the insulin-like growth
factor 1-induced increase in phospho-Akt expression (Figure
S4), indicating that both nifedipine and amlodipine inhibit
Akt signaling.

Downregulation of Akt Inhibits VSMC
Dedifferentiation In Vitro

To examine the direct role of the Akt signaling in dediffer-
entiation of VSMCs in culture, the adenoviral construct
expressing DN-Akt was transfected into differentiated
VSMCs cultured on laminin-coated dishes. Then, these cells
were transferred to uncoated dished to induce dedifferentia-
tion. Suppression of the Akt signaling by DN-Akt signifi-



