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Summary

Retinol binding protein 4 (RBP4) is a novel adipokine which might
be involved in the development of insulin resistance. The aim of
the study was to investigate the expression of RBP4 mRNA in
subcutaneous and visceral fat depots and the relationship
between RBP4 plasma and mRNA levels relative to indices of
adiposity and insulin resistance. In 59 Caucasian women (BMI 20
to 49 kg/m?) paired samples of subcutaneous and visceral fat
were obtained for RBP4, leptin and GLUT 4 mRNA analysis using
reverse transcription-quantitative PCR. Euglycemic hyperinsuli-
nemic clamp and computed tomography scans were performed.
RBP4 mRNA levels as well as GLUT 4 mRNA and leptin mRNA
levels were lower (P<0.001, P<0.01 and P<0.001, respectively)
in visceral compared to subcutaneous fat. No differences were
found in RBP4 mRNA expression in the two fat depots or in RBP4
plasma levels between subgroups of non-obese subjects (n=26),
obese subjects without metabolic syndrome (n=17) and with
metabolic syndrome (n=16). No correlations between RBP4
mRNA or plasma levels relative to adiposity, glucose disposal rate
and GLUT 4 mRNA expression in adipose tissue were found.
There was a weak positive correlation between plasma RBP4 and
plasma triglycerides (r = 0.30, p<0.05) and between plasma
RBP4 and blood glucose (r = 0.26, p<0.05). Regardless of the
state of adiposity or insulin resistance, RBP4 expression in
humans was lower in visceral than in subcutaneous fat. We found

no direct relationship between either RBP4 mRNA or its plasma
levels and the adiposity or insulin resistance.
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Introduction

Obesity is one of the principal causes of insulin
resistance and a significant risk factor for type 2 diabetes.
Excess adipose tissue is associated with the release of
several molecules having paracrine and/or endocrine
activity capable of contributing to the development of
insulin resistance. A recently characterized potential
candidate is retinol binding protein 4 (RBP4) (Yang et al.
2005). Adipose tissue RBP4 mRNA expression and
circulating plasma levels have been shown to be
increased in several mouse models of insulin resistance.
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Overexpression of RBP4 or injection of recombinant
RBP4
pharmacologically decreased serum levels of RBP4

induces insulin resistance in mice, whereas
improved insulin sensitivity in mice maintained on high
fat diets (Yang ef al. 2005). Selective genetic knockout of
the insulin-stimulated glucose transporter (GLUT 4) in
adipocytes results in impaired whole-body insulin
sensitivity, an effect thought to be mediated by RBP4
(Abel et al. 2001). In humans, elevated RBP4 levels have
been reported in subjects with insulin resistance and type
2 diabetes (Yang et al. 2005, Cho et al. 2006, Graham et
al. 2006). RBP4 is produced by hepatocytes but it is also
produced in rat (Tsutsumi et al. 1992) and human (Janke
et al. 2006) adipocytes. In a previous study we have
shown that RPB4 is secreted by human adipose tissue
explants and that it is expressed almost exclusively in
mature adipocytes (the expression in stromavascular
fraction of adipose tissue being negligible) (Vitkova ef al.
2007).

Recently, mRNA expression of RBP4 has been
found to be down-regulated in subcutaneous adipose
tissue of obese women (Janke et al. 2006) and up-
regulated in a group of ten women with polycystic ovary
syndrome when compared to lean controls (Tan et al.
2007). Moreover, during a multiple phase dietary
intervention, changes in RBP4 mRNA were not related to
the improvement in insulin sensitivity (Janke et al. 2006).
No relationship between plasma RBP4 levels and RBP4
mRNA expression in subcutaneous adipose tissue has
been found (Janke et al. 2006). These findings might
suggest a possible role of visceral fat depot in the RBP4
production. Therefore, we investigated RBP4 mRNA
expression in paired samples of subcutaneous and
visceral adipose tissue in a cohort of patients with a wide
range of BMI and visceral fat mass, as evaluated by
computed tomography, and diverse insulin sensitivity.
This cohort was also used to study the relationship
between plasma RBP4 and indices of adiposity and
between plasma RBP4 and insulin resistance.

Methods

Subjects

Fifty-nine Caucasian women (age 21 to 66 years,
BMI 19.6 to 48.5 kg/m?) scheduled to have abdominal
surgery (laparoscopic or laparotomic cholecystectomy,
hysterectomy and gastric banding) were recruited for the
study in collaboration with the Departments of Surgery
and Gynecology at Kralovské Vinohrady Faculty

Hospital in Prague. Subjects with following conditions
were excluded from the study: malignancy, inflammatory
conditions (based on clinical and laboratory findings),
congestive heart failure, known coronary heart disease,
known endocrinopathies, chronic liver or kidney disease
and psychiatric disorders. All the subjects were weight-
stable, i.e. their body weight fluctuations were less than
2 % during the preceding 3 months. The study was
approved by the Ethical Committee of the Third Faculty
of Medicine, Charles University, Prague. A written
informed consent was obtained from each subject before
the start of the study.

Study protocol
their each

participant was examined after an overnight fast at 8.00 h.

Prior to surgery (7-14 days),

Anthropometric measurements
Body height,
circumference were measured and body composition was

weight and waist and hip
evaluated using bioelectrical impedance (QuadScan 4000,
Bodystat, Douglas, British Isles). Visceral fat area and the
relative ratio of intra-abdominal visceral fat to the
subcutaneous fat area were calculated using computed
tomography scans at the level L4-5 as previously
described (Fujioka ef al. 1987).

Euglycemic-hyperinsulinemic clamp

Insulin  sensitivity was  assessed  using
euglycemic-hyperinsulinemic clamp performed according
to DeFronzo et al. (1979). The dose of insulin was
40 mU/min/m* body surface. The rate of glucose disposal
was defined as the glucose infusion rate during the stable
period of 30 min during the second hour of the clamp and
was related to body weight (M — mg/min/kg). Blood
samples for determination of baseline values were

obtained before the clamp.

Adipose tissue samples

During the scheduled surgical procedure, paired
samples of visceral (omental) and subcutaneous adipose
tissue were obtained and processed immediately.

Analytical methods

Blood glucose, triglycerides, total and HDL
cholesterol and plasma insulin were measured using
standard procedures. Plasma RBP 4 concentrations were
determined using sandwich ELISA (Immunodiagnostik
AG, Behsheim, Germany). This kit is identical in
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protocol and reagent composition with the ELISA kit
from ALPCO Diagnostics (USA) tested by Graham et al.
(2007). Plasma samples were diluted so that the
absorbance was in the middle of the range of linearity for
the assay (intraassay CV was 5 % and interassay CV was
9 %, within-run CV for RBP-4 was 2.7 %).

RNA analysis

Adipose tissue samples were  washed,
homogenized in RLT lysis buffer (Qiagen, Courtaboeuf,
France) and stored at —80 °C until analyzed. Total RNA
extraction was done with a RNeasy Mini kit (Qiagen,
Courtaboeuf,

performed with 1 pg of total RNA using random

France). Reverse transcription was

hexamers as primers and Superscript II reverse
transcriptase (Invitrogen, Cergy Pontoise, France). Real-
time quantitative PCR (qPCR) was performed with a
Tagman probe-based RBP4 gene expression assay using a
ABI PRISM 7000 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA). Primers and
TagMan probes for RBP4, leptin and GLUT4 were
obtained from Applied Biosystems. Each sample was
measured in duplicate and 10 ng of cDNA was used as a
template for real-time qPCR. If the difference between
duplicate samples exceeded 0.5 Ct, then qPCR was
repeated. 18S ribosomal RNA was used as a control to
normalize gene expression (Ribosomal RNA Control
TagMan Assay kit, Applied Biosystems). Results are

expressed as 2" values.

Statistical analysis

The data were analyzed using SPSS 13.0
statistical software. The data are reported as means +
SEM.
distributed parameters were logarithmically transformed.

Before statistical analysis, non-normally
Differences between visceral and subcutaneous fat were
assessed using the Student t-test. A one way ANOVA
was used for group comparisons with a Bonferoni post
hoc analysis. The Pearson’s correlation coefficient was

calculated to quantify univariate associations.
Results

Stratification of the entire study group

The entire group of subjects consisted of 26 non-
obese and 33 obese subjects. The obese group was further
stratified according to the presence (n=17) or absence
(n=16) of the metabolic syndrome evaluated according to
the International Diabetes Federation criteria (Alberti et

al.  2005).
characteristics of the three groups are given in Table 1.

Relevant anthropometric and metabolic

Obese subjects with metabolic syndrome had a higher
relative amount of visceral fat (when related to the
subcutaneous depot) and a higher plasma triglycerides
concentration compared with obese without metabolic
syndrome. In fact, for these two variables, the latter group
did not differ from non-obese subjects. The glucose
disposal rate was lower in obese patients than in lean
subjects.

RBP 4 expression in visceral and subcutaneous fat

RBP4 mRNA levels in visceral adipose tissue
were markedly lower than those in the subcutaneous
adipose tissue in each of the three subgroups (Table 2) as
well as for the entire group (2.0+£0.2 vs. 8.0+£0.7 arbitrary
units, p<0.001). There were no differences in RBP4
mRNA levels in either visceral or subcutaneous fat
between the three groups. For the entire group, there was
a significant correlation between RBP4 mRNA levels in
visceral and subcutaneous fat (r = 0.347, p<0.05).

GLUT 4 and leptin expression in visceral and subcu-
taneous fat

In the three subgroups, leptin mRNA expression
was lower in visceral compared to subcutaneous fat.
GLUT 4 mRNA levels were lower in visceral fat, the
difference, however, being significant only in obese
subjects without metabolic syndrome (Table 2).

Plasma RBP4 concentrations

No differences in plasma RBP4 concentrations
were seen between the three subgroups (Table 1).
Additionally, no significant correlations between the
plasma RBP4 levels and either visceral or subcutaneous
mRNA levels were found for the entire group or each of
the subgroups (data not shown).

Relationship between RBP4 indices and anthropometric
or metabolic variables

For the entire study group, none of the RBP4
indices, i.e. plasma RBP4, subcutanecous mRNA and
visceral mRNA levels, correlated with BMI, fat mass,
waist circumference or with the CT-evaluated area of
visceral or subcutaneous fat (Table 3). Similarly, none of
the RBP4 indices correlated with glucose disposal rate,
fasting plasma insulin, plasma LDL or HDL cholesterol.
However, plasma RBP4 showed a weak correlation with
plasma triglycerides and blood glucose (Fig. 1).
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Table 1. Anthropometric and metabolic characteristics in non-obese patients (nonOB) and obese patients without (OB) and with (MS)

metabolic syndrome.

Group nonOB (n =26) OB (n=17) MS (n=16)
Age (years) 40.2+23 41.6+24 49.4+2.7
BMI (kg/m?) 24.5+0.73 37.1+1.4° 339+12°
Waist (cm) 83.3+2.1 108.8 £2.7° 107.3+2.6°
Fat mass (%) 30.2+1.38 453+1.16* 41.9+1.39°
Visceral fat (cm®) 74.1+10.1 121.4+9.8*° 156.2 +12.8°
Subcutaneous fat (cm’) 250.2+25.3 510.5+30.3? 409.2 £29.9°¢
Visceral /subcutaneous fat 0.28 £0.11 0.24 £0.07 0.42+0.18 >¢
HDL-cholesterol (mmol/l) 1.48 £ 0.06 1.40 = 0.07 1.25+0.05°
LDL-cholesterol (mmol/l) 3.13+0.16 2.85+0.27 3.0+£0.33
Triglycerides (mmol/l) 1.01 £0.12 1.22+£0.09 2.36+0.36 ¢
Blood glucose (mmol/l) 4.78 £0.08 538+0.12° 6.22+0.44°
Insulin (mmol/l) 5.88 +0.54 106 +1.7° 13.3+1.5°
Glucose disposal rate - M (mg.kg”.min”) 6.17+0.44 3.80+0.34° 2.81+0.33"°
RBP4 plasma (mg/l) 27.8+1.5 260+1.6 292+1.8

Values are means + S.E.M. Groups are compared by one way ANOVA with Bonferroni's multiple t-test post-hoc analysis: 2 p<0.05 OB

vs. nonOB, ® p<0.05 MS vs. nonOB, ¢ p<0.05 MS vs. OB.

Table 2. Relationships of RBP4, GLUT 4 and leptin mRNA expression in visceral (VAT) and subcutaneous (SCAT) adipose tissue in non-
obese (nonOB), obese without (OB) and obese with (MS) metabolic syndrome.

Group nonOB (n =26) OB (n=17) MS (n =16)

VAT SCAT VAT SCAT VAT SCAT
mRNA RBP4 28+04¢ 89+13 2.5+0.3¢ 97+1.3 1.8+0.3¢ 57+0.9
mRNA GLUT 4 5.4+1.07 77+1.1 29+05°¢ 6.0+1.1 27408 3.4+0.8
mRNA leptin 8.7+1.9¢ 30.4+3.8 9.7+1.5¢ 65.1+9.7  25.1+63° 43.6+7.7

Values are means + S.E.M. mRNA are expressed in arbitrary units (AU) x 104.  mRNA expression in visceral vs. subcutaneous adipose
tissue, p<0.001, * mRNA expression in visceral vs. subcutaneous adipose tissue, p<0.05

Relationship between RBP4 and GLUT 4 expressions

In the entire study group, GLUT 4 mRNA levels
in visceral fat correlated with RBP4 mRNA levels in
visceral as well as subcutaneous fat (r = 0.447, p<0.01)
while no such correlations were found for GLUT4 in
subcutaneous fat.

Discussion

Retinol binding protein 4 has been proposed as
an adipokine involved in the regulation of systemic
glucose metabolism and pathogenesis of insulin
resistance (Yang et al. 2005, Graham et al. 2006, Cho et
al. 2006, Janke et al. 2006). The expression of RBP4 has
been demonstrated in subcutaneous and, recently, in

visceral adipose tissue in humans (Tan et al. 2007). In our
previous study (Vitkova et al. 2007) it was shown that 1)
RBP4 is expressed mainly in adipocytes and the
expression in stromavascular fraction of adipose tissue is
negligible and 2) RBP4 is secreted from human adipose
tissue explants. In the present study, we demonstrated
that, in a group of women with a wide range of adiposity
and insulin resistance, RBP4 expression in visceral fat
was markedly lower than in subcutaneous fat. This
finding was independent of BMI, amount of visceral or
subcutaneous fat or the presence of metabolic syndrome
in the examined subjects. In fact, no differences between
the expression of RBP4 in either visceral or subcutaneous
fat were found between the three subgroups stratified
according to adiposity and presence of indices of
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Table 3. Correlations of mRNA expression in subcutaneous
(SCAT) and visceral (VAT) fat and of plasma RBP4 levels with
selected anthropometric and metabolic variables in the entire
group of subjects (n=59).

mRNA mRNA
logRBP4 RBP4 RBP4
plasma SCAT VAT
BMI 0.01 0.037 -0.081
Waist (cm) 0.039 0.076 -0.124
Fat mass (kg) 0.039 -0.048 -0.048
Visceral fat
(cm’) 0.116 0.056 -0.005
Subcutaneous
fat (cm?) -0.01 -0.036 0.154
Triglycerides
(mmol/l) 0.298* 0.015 -0.166
HDL-cholesterol
(mmol/l) -0.106 0.024 -0.056
Blood glucose 0.261° 0.021 0.025
Glucose
disposal rate -0.074 0.1 0.084

Data are Pearson ’s correlation coefficient r * p<0.05

metabolic syndrome. Our results suggest that, in humans,
visceral adipose tissue is not significantly involved in
RBP4-mediated effects on carbohydrate metabolism and
/or insulin action or, alternatively, RBP4 does not appear
to be a link between the visceral fat and insulin
resistance.

Although RBP4 is expressed predominantly in
mature adipocytes, the differences in gene expression
between the two fat depots might be influenced by a
higher macrophages infiltration in visceral compared with
subcutaneous depots (Cancello et al. 2006). It may be
hypothesized that the higher down-regulation of RBP4 in
visceral fat by some of the macrophage-derived signals,
such as TNF-a (Sell ef al. 2007), might contribute to the
lower RBP-4 expression in visceral fat. Alternatively, the
effect of a higher ,,dilution” of adipocytes due to higher
proportion of non-fat cells in visceral fat could be
considered.

According to recent results showing the
relationship between gene expression in adipocytes and
adipose cell size (Skurk ef al. 2007) it could be speculated
that the difference in RBP4 expression between the
visceral and subcutaneous fat depots might be associated
with differences in adipocyte size in the two depots. The
adipose cell size was not measured in the present study,

although recent studies did not find major differences in

A o r=0298,p <005
= ' + -
g’ 156 + o« +
151 +ia®e 2 :
£ W
@ 144 s
: TRt .
z 13 +3 v +
£ M -
8124 * o+
=
= 1,11
=2
1 T T T T T \
a 1 2 3 4 3 3
Plasma triglycerides (mmol/l)
B r=0261,p <005
= 1.7 . .
g’ 16 4 *4 . *
= | L+ 2.
E 15 "ﬁ +
1.4 4
% 3 »
£ 1,3‘ “"“
812 +e
=
= 1,14
2
1 T T T T \
2 4 3 g 10 12
Fasting plas ma glucose (mmol/l
C
17 - r=0-074, p=NS
= - .
g’ 16 ¢ & -
- * *e
= 157 e A z s . s ':
[==] 14 - ‘ il -4 -y
e + ‘e ¢ s
FRER + L 4 . +
£ v 3 + * +
§ 12 + -
=
= 1,11
=2
1 T T T T T \
a 2 4 g g 10 12
Glucose Dispos al Rate (mg/ky/min}

Fig. 1. Correlation between plasma RBP4 concentration (data
were log transformed to achieve normal distribution), plasma
triglycerides (A), fasting plasma glucose (B) and glucose disposal
rate (C) in the entire group of subjects.

the size of adipocytes from visceral and subcutaneous
depots (Winkler ef al. 2003, Garaulet et al. 2006).
Subsequently, we investigated the relationship
between the RBP4 mRNA levels in the two fat depots
relative to indices of adiposity, including the absolute and
relative amount of visceral fat, the magnitude of insulin
resistance assessed by euglycemic hyperinsulinemic
clamp and other obesity-related metabolic abnormalities
(Table 3). No correlations between RBP4 mRNA in the
two fat depots and the indices of adiposity, plasma lipids,
blood glucose or glucose disposal rate during the clamp
were found for the entire group nor for any of the three
subgroups. In contrast to our results, Janke et al. (2006)
of RBP4 mRNA in
subcutaneous fat in obese women, whereas Tan et al.

found a down-regulation
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(2007) found an wup-regulation of RBP4 mRNA
expression in subcutaneous as well as in visceral fat
depots in obese insulin-resistant women with polycystic
ovary syndrome (PCOS). The differences in the patterns
of age, degree of adiposity, body fat distribution,
magnitude of insulin sensitivity and in androgenic status
(in the study of Tan et al. 2007) could be possible reasons
for the discrepancies. In fact, an up-regulation of RBP4
mRNA expression in human adipose tissue explants by
17-beta estradiol and testosterone was demonstrated (Tan
et al. 2007).

In the present study, RBP4,

markedly higher values of leptin mRNA levels in

similarly as

subcutaneous compared with visceral fat were found in
the three subgroups. For leptin, the most solid data in
respect with regional differences in expression are
available and the latter finding is in agreement with
previous studies (Masuzaki et al. 1995, Montague ef al.
1997).

studies
relationship between RBP4 and GLUT 4 expression in

Animal suggested a reciprocal
adipose tissue. In contrast to the studies of Janke et al.
(2006) or Tan et al. (2007) no significant correlation was
observed between GLUT4 and RBP4 mRNA in
subcutaneous adipose tissue (r = 0.078, NS) while a
positive correlation was found in visceral fat (r = 0.447,
p<0.01).

Therefore, in spite of obvious limitations of
clinical correlative studies, these results suggest that the
regulation of RBP4 in humans differs from that in
rodents. This is further supported by a recent study (Sell
et al. 2007) that reported a positive relationship between
RBP4 and GLUT 4 production in adipocytes derived
from human mammary adipose tissue.

Recently, Klotig et al. (2007) found higher
RBP4 mRNA levels in visceral fat compared with
subcutaneous fat. Moreover, the authors found a negative
correlation between GLUT4 and RBP4 expression in
visceral but not in subcutaneous fat. The reasons of the
above mentioned discrepancy between our study and that
of Klotig et al. (2007) are difficult to discern, the
differences in age range do not appear to be a probable
cause. We replicated our RBP4 mRNA and leptin mRNA
analysis and confirmed the relationship of leptin mRNA
in visceral compared with subcutaneous fat. Our results
are in agreement with several previous studies and this
supports the reliability of mRNA analysis in the present
study. When analyzing the relationships between plasma

RBP4 and indices of adiposity, insulin resistance and
metabolic syndrome, we found no differences in plasma
RBP4 between the three subgroups (Table 1). Moreover,
no significant correlations were found for the entire group
or for the subgroups between plasma RBP4 and indices
of adiposity, insulin resistance and metabolic syndrome
with the exception of a weak positive correlation relative
to plasma triglycerides and to blood glucose, which was
in agreement with reported results (Erikstrup et al. 2006,
Takashima et al. 2006). The absence of a relationship of
plasma RBP4 levels in respect to the magnitude of insulin
sensitivity is in agreement with several previous studies
(Erikstrup et al. 2006, Janke et al. 2006, Broch et al.
2007, Tan et al. 2007) but in contrast to others (Cho et al.
2006, Graham et al. 2006, Balagopal et al. 2007, Haider
et al. 2007, Lee et al. 2007). It has to be noted that, in the
majority of those studies, insulin sensitivity was not — in
contrast to the present study — assessed by euglycemic
hyperinsulinemic clamp. In the present study we used a
sandwich ELISA assay, which was identical to that
showing a high correlation with insulin sensitivity
(Graham et al. 2007).

In conclusion, our study demonstrates that RBP4
mRNA expression in visceral fat is low compared to
subcutaneous fat regardless of the state of adiposity and
the presence/absence of metabolic syndrome. Thus,
RBP4 does not appear to be a potential link between
visceral adiposity and obesity-related metabolic
abnormalities. Additionally, our study failed to confirm a
direct relationship between RBP4 adipose tissue
expression or RBP4 plasma levels relative to adiposity or

insulin sensitivity.
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