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Abstract: Currently retinol binding protein-4 (RBP-4) has been identified as interesting novel adipokine that
suggested to link obesity with its complication, especially insulin resistance, type 2 diabetes (T2D), and certain
components of the metabolic syndrome (MS). However, the relationship between them has not been elucidated; and
their circulating levels in obesity and type 2 diabetes mellitus (T2DM) have not been adequately studied. Therefore,
this study was designed to investigate whether its level was altered in Egyptian obese and T2DM patients and to
study the correlation of this novel adipokine with insulin resistance, and other biochemical parameters. The levels of
RBP4, insulin, leptin, CRP and TNF-o were measured in healthy obese, non-obese T2DM and obese T2DM
patients together with matched healthy nondiabetic control subjects. RBP-4, insulin, leptin, CRP and TNF-a levels
were measured by enzyme-linked immunosorbent assay. RBP-4 level was found to be significantly elevated in
obese (13.9 + 0.99), obese T2DM patients (25.1 &+ 2.05) and non obese T2DM (13.9 £ 1.10) compared with control
subjects (4.84 + 0.51) at P < 0.05. As well as, it was significantly higher in obese T2DM (25.1 £ 2.05) when
compared to obese (13.9 = 0.99) and Non-obese T2DM (13.9 + 1.10) groups. In addition, RBP-4 level was found to
be significantly positively correlated with other biochemical parameters. In conclusion, RBP-4 might play an
important role in the pathogenesis of T2DM. In addition, the RBP-4, leptin, TNF-a and CRP are significantly
interrelated with each other.
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1. Introduction T2DM are far from complete elucidation. The

Obesity, the excessive accumulation of fat, is a realization that adipose tissue acts as an endocrine
risk factor for the metabolic syndrome (i.e. diabetes, gland affecting whole-body energy homeostasis was a
dyslipidemia and cardiovascular complications). major breakthrough toward a better molecular
However, not every form of obesity poses a similar understanding of T2DM [6,7], and growing evidence
clinical threat. Strong epidemiological evidence implicates adipocyte-derived factors (adipokines) as
indicates that the preferential accumulation of intra- major regulators of insulin resistance[8].
abdominal  (visceral)  fat, surrounding the RBP-4 belongs to the lipocalin family of
gastrointestinal organs, poses a greater cardiovascular proteins that transport small hydrophobic molecules
risk than in other forms of obesity, in which fat is [9]. RBP-4 is a transport protein for retinol (vitamin
preferentially — accumulated under the  skin A) in the circulation. It transports retinol from the
(subcutaneous) in the gluteal region [1]. liver to the peripheral tissues [10].

Type 2 diabetes mellitus (T2DM) is a complex RBP-4 does not interact only with retinol.
metabolic disorder that affects more than 150 million Formation of a complex with transthyretin — a carrier
people worldwide and is projected to increase to 439 of thyroid hormone and retinol — prevents glomerular
million worldwide in 2030. Its prevalence is expected filtration of RBP-4 and its subsequent excretion
to increase exponentially around the world particularly through the kidney [11]. It is debatable whether
in developing countries [2,3]. Insulin resistance and increased transthyretin levels and/or enhanced RBP-4
inflammation play a major role in the development of to transthyretin interaction can result in decreased
T2DM [4]. In addition, increased abdominal/ visceral renal clearance of RBP-4 and consequently its
fat is associated with insulin resistance and T2DM [5]. increased circulating levels [12]. Circulating RBP-4
Vigorous efforts have been made to delineate the levels are also influenced by iron and ferritin status
relationship between increased adiposity and insulin [13].
resistance. However, the molecular mechanisms that In obesity and type 2 diabetes, expression of
lead to the development of insulin resistance and the GLUT4 glucose transporter is decreased
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selectively in adipocytes. Adipose-specific Glut4 (also
known as Slc2a4) knockout (adipose-Glut4 (-/-)) mice
show insulin resistance secondarily in muscle and
liver. The expression of retinol binding protein-4
(RBP4) is elevated in adipose tissue of adipose-Glut4
(-/-) mice. Serum RBP4 levels were eclevated in
insulin-resistant mice and humans with obesity and
T2D. RBP4 levels are normalized by rosiglitazone, an
insulin-sensitizing drug. Transgenic overexpression of
human RBP4 or injection of recombinant RBP4 in
normal mice causes insulin resistance. Conversely,
genetic deletion of Rbp4 enhances insulin sensitivity.
Fenretinide, a synthetic retinoid that increases urinary
excretion of RBP4, normalizes serum RBP4 levels and
improves insulin resistance and glucose intolerance in
mice with obesity induced by a high-fat diet.
Increasing serum RBP4 induces hepatic expression of
the gluconeogenic enzyme phosphoenolpyruvate
carboxykinase (PEPCK) and impairs insulin signalling
in muscle. Thus, RBP4 is an adipocyte-derived 'signal’
that may contribute to the pathogenesis of T2D.
Lowering RBP4 could be a new strategy for treating
T2D [14].

In normal individuals, binding of insulin to its
receptor on the cell membrane stimulates glucose
uptake into muscle and fat cells through the GLUT4
transporter. It also inhibits glucose production in liver,
thereby maintaining normal glucose levels in the
blood. In adipose tissue, glucose provides fuel for the
synthesis of fat stores, which serve as the body's main
energy reservoir. Yang et al. [15] found that the
decrease in GLUT4 expression that occurs in the fatty
tissue of obese animals is accompanied by increased
expression and secretion of the fat-derived factor
RBP4. This factor, possibly working in concert with
retinol (vitamin A), impairs insulin signalling in
muscle, inhibiting glucose uptake, and interferes with
insulin-mediated suppression of glucose production in
the liver, causing blood glucose levels to rise. [14, 15].

Another adipiokine is leptin, one major
breakthrough in the understanding of energy balance
regulation and adipose tissue biology was the
description of leptin, a product of the ob gene Leptin,
from the Greek leptos means lean and is a protein with
a molecular mass of 16 kDa, constituted by 167-amino
acids. It regulates energy metabolism, increasing
energy  expenditure and  decreasing  energy
consumption. It is now considered that leptin is a
metabolic signal for energy sufficiency [16]. Leptin
improves insulin sensitivity through activation of
adenosine monophosphate-activated protein kinase
(AMPK), which controls cellular concentrations of
malonyl-CoA,  thereby inhibiting acetyl-CoA
carboxylase [17]. As a result, there is a decrease of
intracellular malonyl-CoA and a decline of lipogenesis
associated with increased fatty acid B-oxidation. In
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fact, in generalized lipodystrophy, where adipose
tissue is nearly absent, leptin administration improves
insulin sensitivity [18]. This highlights the influence
of this adipocyte hormone on whole-body glucose
homoeostasis. However, in common human obesity,
there are high circulating leptin levels, suggesting
leptin resistance, and leptin administration has little or
no effect on IR. In fact, the leptin-signaling pathway
activates suppressor of cytokine signaling-3 (SOCS-
3), which might inhibit insulin signaling
[19].Therefore, while leptin deficiency very likely
contributes to IR resistance when adipose tissue is
lacking, leptin resistance is a main feature of human
obesity. So far, the precise role of leptin in IR remains
unclear [20]

All these data indicate that RBP-4 to play a
role in the pathogenesis of T2DM. However, its
circulating level in T2DM has not been studied; and
it's correlation with insulin resistance or obesity is still
controversial. Therefore, the current study was
designed to determine the circulating levels of RBP-4
in Egyptian T2DM patients compared with healthy
control subjects and to study the correlation of this
interesting adipokines with one another and between
each of them with other parameters like TNF-a,
insulin resistance, as well as other biochemical and
anthropometric  parameters. According to our
knowledge, the interrelation between RBP-4, CRP,
and TNF-a and leptin have not been elucidated before
our current work.

2. Subjects and methods:
2.1. Study population
measurements

This study was approved by the ethical
committee of National Institute of Diabetes and
Endocrinology, Cairo, Egypt; and informed consent
was obtained from every subject before participating
in the study. A total of 120 male subjects were
enrolled in the study: 62 patients with T2DM, 33 age-
and sex-matched non-diabetic healthy obese subjects
and 25 age- and sex-matched non-diabetic healthy
control subjects. The definition of a non-diabetic is a
subject who has a fasting plasma glucose (FPG) level
lower than 110 mg/dL and has no family history of
T2DM. The 62 patients with T2DM were recruited
from the outpatient clinic of the National Institute of
Diabetes and Endocrinology and were further
classified into non-obese group (N: 25; body mass
index [BMI] < 25 kg/m®) and obese group (N: 37;
BMI > 30 kg/m?). Both the non-obese diabetic group
and the control non-diabetic group were selected to
have matching BMI. The characteristics of the
subjects are summarized in Table 1. The exclusion
criteria were age less than 25 or more than 63 years,
type 1 DM, insulin treatment, renal or hepatic disease,

and anthropometric
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acute or chronic inflammatory disease, thyroid
dysfunction, ischemic cardiovascular  disease,
retinopathy, alcohol or drug abuse, cancer, acute or
chronic infections, any hematologic disorder (assessed
by making complete blood count for every subject),
and smoking. Subjects taking thiazolidinediones,
fenofibrate, statins, spironolactone [21], or hormonal
therapy were also excluded. The control and obese
subjects were not suffering any health problems and
were not receiving any medications or dietary
supplements. The diabetic subjects were selected not
to have long duration of T2DM to help avoid the
presence of diabetic complications, which was further
confirmed by physical examination and laboratory
investigations.

Before inclusion, all the study subjects
underwent careful physical examination, detailed
history, and laboratory investigations to exclude any
condition that may interfere with glucose tolerance.
Anthropometric parameters measured included BMI.
Standing height and body weight were measured in
normal clothing without shoes. The BMI was
calculated as weight divided by squared height (in
kilograms per square meter). Waist and hip
circumferences were measured to the nearest 0.1 cm at
the narrowest point between the lowest rib and the
uppermost lateral border of the iliac crest. The hips
were measured at their widest point.

2.2 Blood sampling

All of the blood samples were drawn after
overnight fasting, and the samples were divided into 3
aliquots. The first aliquot of blood was collected on
Vacutainer tubes (BD, Franklin Lakes, NJ) containing
sodium fluoride for plasma preparation used for the
assay of FPG. The second aliquot of blood was
collected on Vacutainer tubes containing sodium
EDTA for complete blood count and for the assay of
glycosylated hemoglobin (HbA,. %). The third aliquot
of blood was collected on plain Vaccutainer tubes for
serum preparation used for the assay of lipids profile,
routine parameters (creatinine, urea, and alanine
aminotransferase [ALT]), RBP-4, insulin, TNF-a,
leptin and CRP levels. Serum samples were divided
into aliquots and kept at —80°C for subsequent assay.
2.3. Laboratory analyses

Fasting plasma glucose and serum biochemical
parameters including triacylgycerol (TAG), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), creatinine, urea, and ALT were measured
using Jenway 6305 spectrophotometer automated
biochemistry analyzer. Low-density lipoprotein
cholesterol (LDL-C) level was calculated by the
formula of Friedewald et al. [22]. The HbA,. % was
measured in whole blood with ion-exchange high-
performance liquid chromatography using the Bio-
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Rad D-10 system (Bio-Rad Laboratories, Hercules,
CA).

The concentration of serum insulin, RBP-4,
TNF-a, CRP and leptin were determined by enzyme-
linked immunosorbent assay (ELISA) using
commercially available kits: (Human insulin ELIZA
kit, Calbiotec, USA), (Human RBP-4 ELIZA Kkit,
RayBio Pharmaceuticals, California; USA), ( Human
TNF- alpha ELIZA kit, RayBio Pharmaceuticals,
California, USA), (Human CRP ELIZA kit,
Diagnostic biochem Canada, Canada) and (Human
leptin ELIZA kit, Diagnostic biochem Canada)
respectively. The homeostasis model assessment of
insulin resistance index (HOMAR) was calculated
from fasting insulin and glucose by the following
equation: HOMAR= fasting insulin (in microunits per
milliliter) x fasting glucose (in milligrams per
deciliter)/405 [23]. All ELISA procedures were done
by (TECAN, SUNRISE) according to the
manufacturer’s instructions.

2.4. Statistical analysis

All data were expressed as mean =+ standard
error of mean (y = SEM). Descriptive statistics were
performed using Microsoft Excel 2007. All analysis
and graphics were performed using Graph pad prism
(windows version 5; Graph pad software 2007).
Difference between means was assessed by unpaired
student t test. Differences were considered statistically
significant at P < 0.05. Correlation between different
parameters was carried out using Graph pad prism
(windows version 5; Graph pad software 2007) and
considered statistically significant at P < 0.001.

All statistical analyses were done under
supervision of faculty of pharmacy (boys), Al-Azhar
University, Cairo, Egypt and Institute of Statistical
Studies and Research, Cairo University, Egypt.

3. Results

The clinical characteristics as well as the levels
of circulating insulin, HOMA-IR, RBP-4, leptin, CRP
and TNF-a of the studied subjects are shown in Tables
(1, 2). Concerning serum insulin as shown in table (2)
was significantly higher in obese, obese T2DM and
non-obese T2DM groups as compared to normal
group. Also, it was significantly higher in obese
T2DM group when compared to both obese and non-
obese T2DM groups.

Additionally, the HOMA-IR index as shown in
table (2) was significantly higher in obese, obese
T2DM and non-obese T2DM groups as compared to
normal group. As well as, it was significantly higher
in obese T2DM and non-obese T2DM groups when
compared to obese group. In addition, it was
significantly higher in obese T2DM comparing with
non-obese T2DM one.
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Concerning the serum level of RBP-4 as shown
in table (2) and figure (1), this was significantly higher
in obese, obese T2DM and Non-obese T2DM groups
comparing with normal group. As well as, it was
significantly higher in obese T2DM when compared
to obese and Non-obese T2DM groups.

Concerning for serum leptin as shown in table
(2) and figure (2), this was significantly higher in
obese and obese T2DM groups as compared to both
normal and Non-obese T2DM groups. As well as, it
was significantly higher in obese T2DM groups when
compared to obese group.

Concerning for serum CRP as shown in table
(2) and figure (3), this was significantly higher in
obese, obese T2DM and Non-obese T2DM groups as
compared to normal group, and it was significantly
higher in obese T2DM comparing with obese and
Non-obese T2DM groups.

Concerning for serum TNF-a as shown in table
(2) and figure (4), TNF-a was significantly higher in
obese T2DM and Non-obese T2DM groups as
compared to both normal and obese groups.

We next analyzed the correlation between each
of insulin RBP-4, leptin, CRP and TNF-a level with
each other and with other parameters. Concerning

with serum insulin levels as shown in Table 3,simple
linear regression analysis revealed that they were
found to be significantly positively correlated with
age, BMI, BF%, FPG, HbAlc %, HOMA-IR, RBP-4,
leptin, CRP and TNF-a levels.

Furthermore, as shown in Table 3, simple
linear regression analysis revealed that serum RBP-4
levels were found to be significantly positively
correlated with BMI, BF%, FPG, HbAlc %, HOMA-
IR, insulin, leptin, CRP and TNF-a levels.

With respect to serum leptin levels as shown in
Table 3 simple linear regression analysis revealed that
they significantly positively correlated with BMI,
BF%, FPG, HbAlc %, HOMA-IR, insulin, RBP-4,
CRP and TNF-a levels.

Furthermore, as shown in Table 3, simple
linear regression analysis revealed that serum CRP
levels were found to be significantly positively
correlated with BMI, BF%, FPG, HbAlc %, HOMA-
IR, insulin, leptin, RBP-4 and TNF-a levels.

With respect to serum TNF-a levels as shown
in Table 3 simple linear regression analysis revealed
that they significantly positively correlated with FPG,
HbAlc %, HOMA-IR, insulin, RBP-4, CRP and leptin
levels.

Table (1): Anthropometric parameters in all studied groups (y +SEM)

Factor Controls Obese Obese T2DM Non-Obese T2DM
Number 25 33 37 25

Age 346+1.74 36.5+1.96 439+1.51 40.2 +£1.86
Diabetes duration |  cemmmmeemem | e 3.69+0.18 4.62+0.23
Weight (kg) 73.7+0.84 99.9+2.23 98.3 £1.65 742 +1.02
Height (m) 1.76 £0.01 1.69+0.01 1.68+0.01 1.75+0.01
BMI (Kg/m®) 23.8+0.26 35.0+0.61 349+0.53 242 +0.14
BF% 20.4 +£0.54 343+0.85 35.8+0.78 22.2+0.50

All results are expressed as mean + SEM

Table (2): The clinical characteristics as well as the levels of circulating insulin, HOMAIR, RBP-4, leptin, TNF-

alpha and CRP of the studied subjects.

Obese

Non-Obese

Factor Controls Obese T2DM T2DM P1 P2 P3 P4 P5 P6
Creatinine(mg/dl) 0.95 +0.05 0.86 + 0.02 0.88 +0.03 0.91 +0.04 NS NS NS NS NS NS
ALT (UL) 202+1.60 | 2033 +1.78 28.0 +1.71 27.7+1.50 NS 0.002 0.002 0.004 0.005 NS
FBG (mg/dl) 89.5+2.21 91.8+2.04 212+102 223 +9.40 NS <0.0001 | <0.0001 <0.0001 <0.0001 NS
HbA, % 5.01+0.16 525+0.14 8.78 £0.35 9.16 +0.36 NS <0.0001 | <0.0001 <0.0001 <0.0001 NS
Insulin (uU/ml) 5.57+0.37 11.6 £0.76 174+1.24 11.2+0.81 <0.0001 | <0.0001 | <0.0001 0.0003 NS 0.0004
HOMAR 1.26 +£0.11 2.65+0.19 9.58 +0.96 6.27 +0.60 <0.0001 | <0.0001 | <0.0001 <0.0001 0.0114 NS
BF% 203 +0.52 34.3+0.85 358+0.78 22.2+0.50 <0.0001 | <0.0001 0.0138 NS <0.0001 <0.0001
TAG (mg/dl) 110+ 4.88 186 + 6.44 213+ 837 227+13.1 <0.0001 [ <0.0001 | <0.0001 0.0130 0.0039 NS
TC (mg/d]) 167 +3.11 215+ 6.79 244 £12.0 196 + 6.48 <0.0001 | <0.0001 0.0002 NS NS 0.0037
HDL-C (mg/dl) 54.0+2.16 363 +1.67 37.6 +1.86 42.5+2.54 <0.0001 | <0.0001 0.0010 NS 0.0368 NS
LDL-C (mg/dl) 91.0 +3.56 142+ 7.13 163 +£10.7 109+ 7.78 <0.0001 0.0001 0.0457 NS 0.0028 0.0004
Risk ratio type 1 3.20+0.13 6.30 +0.35 6.71 £0.31 5.02+0.33 <0.0001 | <0.0001 | <0.0001 NS 0.0126 0.0005
RBP-4 (ng/ml) 4.84 +0.51 13.9+0.99 25.1+2.05 13.9+1.10 <0.0001 | <0.0001 | <0.0001 <0.0001 NS <0.0001
Leptin (ng/ml) 5.88 +0.39 11.8+0.79 152+1.15 6.68 +0.57 <0.0001 | <0.0001 NS 0.0182 <0.0001 <0.0001
CRP (ng/ml) 139+ 10.9 218+192 305+ 17.0 227 +£26.4 0.0018 <0.0001 0.0033 0.0010 NS 0.0115
TNF-a (pg/ml) 21.5+091 26.0+1.22 80.8+ 3.27 83.0 +3.45 0.0070 <0.0001 | <0.0001 <0.0001 <0.0001 NS

Results are expressed as mean + SEM, pl for control and obese healthy, p2 for control and obese T2DM, p3 for
control and non-obese T2DM, p4 for obese healthy and obese T2DM, p5 for obese healthy and non-obese T2DM

and p6 for obese T2DM and non-obese T2DM.
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Table (3): Simple linear regression analysis using BMI, insulin

leptin, CRP and TNF-a as dependent variables.

Fig.(1): Serum RBP-4 in all studied groups
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4. Discussion

The number and diversity of identified
adipokines are growing rapidly [24]; and
understanding of the diverse effects of distinct
adipokines as well as the interplay between these
bioactive mediators is still incomplete [25] and, if
fully elucidated, would provide much better
understanding for the molecular basis of T2DM.

Diabetes mellitus (DM) is a metabolic disorder
resulting from a defect in insulin secretion, insulin
action or both. Insulin deficiency in turn leads to
chronic hyperglycaemia with disturbances of
carbohydrate, fat and protein metabolism [26].

In the present study, serum levels of RBP-4
were significantly higher in obese, obese diabetic and
non-obese diabetic groups in comparison to control
ones. Also, serum levels of RBP-4 were significantly
higher in obese diabetic subjects in comparison to
healthy obese and non obese diabetic ones.

These results were supported by Ji-Won et al.,
(2009) who confirmed these findings regarding the
relationship between circulating RBP-4 and insulin
resistance [27].

Also, the resulted supported by Timothy et al.
(2006) who found that the magnitude of increase in

Fig (10): Correlation coefficient between RBP-4 and

TNF-a

serum RBP-4 correlates with insulin resistance among
humans with obesity, impaired glucose tolerance, or
T2D and among non-obese, nondiabetic subjects with
strong family histories of T2D [28].

The serum RBP-4 level is correlated with a
cluster of cardiovascular risk factors accompanying
insulin resistance as part of the metabolic syndrome.
Even though the serum RBP-4 level correlated with
body-mass index, the relationship between the serum
RBP4 level and insulin resistance was independent of
obesity, and non-obese, insulin-resistant subjects also
exhibited increased serum RBP-4 levels. In these non-
obese subjects, decreased expression of GLUT4 in
adipocytes predicts increased serum RBP-4 levels and
insulin resistance. The mechanism by which a
decrease in adipocyte GLUT4 results in an increase in
RBP-4 expression is unknown, but it might involve
sensing of glucose by adipocytes [29].

The correlation of serum RBP-4 levels with
plasma insulin levels suggests that the expression of
RBP-4 in adipose tissue might be a direct consequence
of hyperinsulinemia. Because the serum RBP-4 level
correlates with insulin resistance and the clinical signs
and biochemical components of the metabolic
syndrome, measurement of serum RBP-4 could
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become a noninvasive and accessible method for
assessing the risks of impaired glucose tolerance,
T2D, and cardiovascular disease. Altered levels of
several adipocyte-secreted proteins (e.g., leptin and
adiponectin), inflammatory  cytokines (e.g.,
interleukin-6, monocyte chemoattractant protein 1,
and tumor necrosis factor a), or inflammatory markers
(e.g., C-reactive protein) have been observed in
patients with obesity or insulin resistance. This study
suggests that the serum RBP-4 level is correlated more
specifically with insulin resistance and changes in
insulin sensitivity than are the levels of several of
these proteins (i.e., leptin, adiponectin, interleukin-6,
and C-reactive protein) [29].

In mice, increased serum RBP-4 levels impair
post receptor insulin signaling at the level of
phosphoinositide-3 kinase in muscle and enhance the
expression of phosphoenolpyruvate carboxykinase in

liver [29].
Therefore, increased serum RBP-4 levels in
humans might contribute to impaired insulin-

stimulated glucose uptake in muscle and elevated
hepatic glucose production, both of which are
characteristic of T2D [30].

Regions near the RBP-4 locus on human
chromosome 10q have been linked to
hyperinsulinemia or early onset of T2D in two
populations, a finding consistent with a pathogenic
role for RBP-4 in insulin resistance and T2D [30].

Also supporting with this result, Von Eynatten
et al. (2007), for patients with T2D, cardio artery
disease (CAD) and control subjects, Type 2 diabetic
patients had a higher mean BMI, elevated VLDL-
cholesterol and ftriacylglycerol levels, increased
fasting plasma glucose, insulin and HOMA-IR, as
well as lower HDL-cholesterol and serum adiponectin
compared with control subjects[31].

Xu et al.,, (2009) also reported: In both sexes
combined, serum RBP-4 concentrations were
significantly increased in participants with isolated
impaired fasting glucose (IFG), isolated impaired
glucose regulation (IGT), combined IFG and IGT, and
newly diagnosed T2D compared with concentrations
in participants with normal glucose regulation (NGR),
after adjustment for sex, age, BMI, current smoking
and current alcohol intake, the education received and
the family history of diabetes. There was no statistical
difference  between these four groups with
dysregulation of glucose metabolism [32].

Increased RBP-4 was associated with an
increased risk of hyperglycaemia. The higher level of
RBP-4 had a higher risk of impaired glucose
regulation after adjustment for sex, age, BMI, current
smoking and alcohol intake, family history of
diabetes, insulin resistance, triacylglycerol, total
cholesterol, HDL- and LDL-cholesterol [32].
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Also Serum RBP-4 levels were positively
correlated with several metabolic indices, such as
BMI, waist/hip ratio, HOMA-IR, blood pressure,
impaired glucose metabolism (IFG/IGT, T2D) and
serum triacylglycerol [32]. These findings were in line
with previous studies Graham et al [33] and
Takebayashi et al. [34].

Some recent studies Broch et al, [35] and
Janke et al, [36] failed to detect difference in
circulating RBP-4 levels according to obese status.
Janke et al., [36] argued that adipose tissue might be a
less important source of circulating RBP-4 in humans
than in animals and that it was possible that the
increase in circulating RBP-4 in the insulin-resistant
state was not explained by increased RBP-4
production in adipose tissue.

Increased RBP-4 levels increased the risk for
hyperglycaemia, including impaired glucose
regulation and newly diagnosed T2D, after excluding
the effects of age, sex, central obesity, HOMA-IR,
family history of T2D and the levels of serum lipid.
Yang et al. (2005) reported that increasing RBP-4
could act directly to induce the expression of
phosphoenolpyruvate carboxykinase (PEPCK) (also
known as PCK2), increase glucose production and
reduce insulin action to suppress glucose production
in hepatocytes. In addition, there is a report explaining
that RBP-4 attenuates insulin-induced phosphorylation
of insulin receptor substrate 1 (IRS1) and extracellular
regulated kinase (ERKI1/2) in primary human
adipocytes [37]. Several studies have shown that after
treatment with thiazolidinediones (TZDs), an insulin
sensitiser, or exercise, serum RBP-4 levels are
decreased and insulin resistance improves [38,39,40].

In the present study, We found a striking
association between serum RBP-4 and lipid levels,
especially levels of risk ratio. Our results were in line
with previous findings [32, 33, 34, 35].

Insulin resistance could be the potential
mechanism for increased serum lipid levels. However,
we found that when we controlled for serum insulin,
insulin resistance and waist/ hip ratio, serum RBP-4
independently predicted the risk of
hypertriacylglycerolaemia. It was suggested that RBP-
4 might have a direct role in the progression of
lipogenesis. In another study, RBP-4 increased the
expression of the gene encoding fatty acid synthase
(FASN) in adipose tissue in a manner predominantly
correlating with visceral fat accumulation, impaired
insulin sensitivity and levels of circulating adipokines
[41].

In the present study, it was found significant
relation between RBP-4 and inflammation, as
indicated by the levels of C-reactive protein. In
contrast to Xu et al. (2009), Inflammation is thought to
suppress hepatic RBP-4 mRNA synthesis [42] and
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decrease plasma concentrations of RBP-4 and retinol
[43, 44].

The association of RBP-4 with inflammation
remains controversial. Sell and Esckle (2007) studied
the regulation of RBP-4 production by adiponectin
and TNF-a in primary human adipocytes; they found
that TNF- a strongly down regulates RBP-4
production in adipocytes, a completely unexpected

effect as TNF-o-treated adipocytes are insulin
resistant. The association of RBP-4  with
inflammation, either acute or low-grade chronic

inflammation, is of particular interest [45].

In obesity and T2D, expression of the GLUT4
glucose transporter is decreased selectively in
adipocytes. Adipose-specific Glut4 (also known as
Slc2a4) knockout (adipose-Glut4(-/-)) mice show
insulin resistance secondarily in muscle and liver.
Expression of retinol binding protein-4 (RBP-4) is
elevated in adipose tissue of adipose-Glut4 (-/-) mice.
Serum RBP-4 levels are elevated in insulin-resistant
mice and humans with obesity and T2D. RBP-4 levels
are normalized by rosiglitazone, an insulin-sensitizing
drug. Transgenic over expression of human RBP-4 or
injection of recombinant RBP-4 in normal mice
causes insulin resistance. Conversely, genetic deletion
of RBP-4 enhances insulin sensitivity. Fenretinide, a
synthetic retinoid that increases urinary excretion of
RBP-4, normalizes serum RBP-4 levels and improves
insulin resistance and glucose intolerance in mice with
obesity induced by a high-fat diet. Increasing serum
RBP-4  induces hepatic expression of the
gluconeogenic enzyme phosphoenolpyruvate
carboxykinase (PEPCK) and impairs insulin signalling
in muscle. Thus, RBP-4 is an adipocyte-derived
'signal' that may contribute to the pathogenesis of
T2D. Lowering RBP-4 could be a new strategy for
treating T2D [15].

In normal individuals, binding of insulin to its
receptor on the cell membrane stimulates glucose
uptake into muscle and fat cells through the GLUT4
transporter. It also inhibits glucose production in liver,
thereby maintaining normal glucose levels in the
blood. In adipose tissue, glucose provides fuel for the
synthesis of fat stores, which serve as the body's main
energy reservoir. Yang et al., 2005 found that the
decrease in GLUT4 expression that occurs in the fatty
tissue of obese animals is accompanied by increased
expression and secretion of the fat-derived factor
RBP4. This factor, possibly working in concert with
retinol (vitamin A), impairs insulin signalling in
muscle, inhibiting glucose uptake, and interferes with
insulin-mediated suppression of glucose production in
the liver, causing blood glucose levels to rise [46].

In conclusion, we found that RBP-4 was
significantly elevated in obese and T2DM patients
either obese or non-obese compared with healthy
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control subjects. RBP-4 was found to be significantly
correlated with various metabolic parameters. Our
results indicate that RBP-4 might play a role in the
pathogenesis of T2DM.

Acknowledgment

We want to express our heartfelt gratitude and
deep appreciation to prof. Dr. Fouad F. M. Atteia
(Head of biochemistry Department, Faculty of
Pharmacy, Al-Azhar University ) for his kind help and
support to achieve this research and his support
throughout the study period and for his valuable
suggestions after reviewing the article.

References:

1. Giorgino F., Laviola L. and Eriksson J., (2005):
differences of insulin action in adipose tissue:
insights from in vivo and in vitro studies. Acta.
Physiol. Scand. 183: 13-30.

Stumvoll M, Goldstein BBJ, van Haeften TW.
Type 2 diabetes: principles of pathogenesis and
therapy. Lancet 2005; 365: 1333-46.

IDF. Diabetes atlas, fourth edition, International
Diabetes Federation 2009. Available at:
www.diabetesatlas.org.

Mlinar B, Marc J, Janez A, Pfeifer M.
Molecular mechanisms of insulin resistance and
associated diseases. Clin Chim Acta 2007; 375:
20-35.

Antuna-Puente B, Feve B, Fellahi S, Bastard JP.
Adipokines: the missing link between insulin
resistance and obesity. Diabetes Metab 2008;
34:2-11.

Kershaw EE, Flier JS. Adipose tissue as an
endocrine organ. J Clin Endocrinol Metab 2004;
89:2548-56.

Trujillo ME, Scherer PE. Adipose tissue—
derived factors: impact on health and disease.
Endocr Rev 2006; 27:762-78.

Fasshauer M, Paschke R. Regulation of
adipocytokines ~ and  insulin  resistance.
Diabetologia 2003; 46:1594-603.

Flower DR, 1996: The lipocalin protein family:
structure and function. Biochemical Journal 318
1-14.

Newcomer ME & Ong DE 2000: Plasma retinol
binding protein: structure and function of the
prototypic lipocalin. Biochimica et Biophysica
Acta 1482 57-64.

Goodman AB., 2006: Retinoid receptors,
transporters, and metabolizers as therapeutic
targets in late onset Alzheimer disease. Journal
of Cellular Physiology 209 598—603.

Frey SK, Spranger J, Henze A, Pfeiffer AF,
Schweigert FJ & Raila J 2009: Factors that
influence retinol-binding protein 4-transthyretin

10.

11.

12.



Journal of American Science 2013;9(10)

http://www.jofamericanscience.org

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

interaction are not altered in overweight
subjects and overweight subjects with type 2
diabetes mellitus. Metabolism 58 1386-1392

Fernandez-Real JM, Moreno JM & Ricart W.,
2008: Circulating retinol-binding protein-4
concentration might reflect insulin resistance-
associated iron overload. Diabetes 57 1918—

1925.
Deborah M. Muoiol and Christopher B.
Newgardl. 2005: Metabolism: A is for

adipokine. Nature 436, 337-338

Yang Q, Graham TE, Mody N, Preitner F,
Peroni OD, Zabolotny JM, Kotani K, Quadro L
& Kahn BB 2005: Serum retinol binding protein
4 contributes to insulin resistance in obesity and
type 2 diabetes. Nature. 436(7049):356-62.
Zhang Y., Proenca R., Maffei M., Barone M.,
Leopold L. & Friedman J., 1994: Positional
cloning of the mouse obese gene and its human
homolog. Nature 372: 425-32.

Minokoshi Y., Kim Y., Peroni O., Fryer L.,
Muller C., Carling D. & Kahn B., 2002: Leptin
stimulates fatty-acid oxidation by activating
AMP-activated protein kinase. Nature 415: 339-
343.

Oral E., Simha V., Ruiz E., Andewelt A.,
Premkumar A., Snell P., Wagner A., DePaoli
A., Reitman M., Taylor S., Gorden P. & Garg
A., 2002: Leptin-replacement therapy for
lipodystrophy. N. Engl. J. Med. 346: 570-578.
Howard J. and Flier J., 2006: Attenuation of
leptin and insulin signaling by SOCS proteins.
Trends Endocrinol. Metab. 17: 365-71.
Antuna-Puente B., Feve B., Fellahi S. & Bastard
J., 2008: Adipokines: the missing link between
insulin resistance and obesity. Diabetes Metab.

34(1): 2-11.
Matsumoto S, Takebayashi K, Aso Y. The
effect of spironolactone on circulating

adipocytokines in patients with type 2 diabetes
mellitus complicated by diabetic nephropathy.
Metabolism 2006;55: 1645-52.

Friedewald W., Levy R. &Fredrickson D.,
1972: Estimation of the concentration of low-
density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge.
Clin. Chem. 18(6): 499-502.

Matthews D., Hosker J., Rudenski A., Naylor
B., Treacher D. &Turner R., 1985: Homeostasis
model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia
28(7): 412-419.

Breitling R. Robust signaling networks of the
adipose secretome. Trends Endocrinol Metab
2009;20:1-7.

-332-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Rabe K, Lehrke M, Parhofer KG, Broedl UC.
Adipokines and insulin resistance. Mol Med
2008;14:741-51.

Kumar P, Clark M, 2002: Textbook of Clinical
Medicine. Pub: Saunders (London), pp 1099-
1121

Ji-Won Leea, Jee-Aee Imb, Ki Deok Parkc,
Hye-Ree Leed, Jae-Yong Shimd & Duk-Chul
Lee, 2009: Retinol binding protein 4 and insulin
resistance in apparently healthy elderly clinoca
chimica acta 400(1): 30-32

Timothy E. Graham, Qin Yang, & Matthias
Bluher, 2009: Retinol-Binding Protein 4and
Insulin Resistance in Lean, Obese, and Diabetic
Subjects n Engl J Med 354;24 3552-3563

Yang Q, Graham TE, Mody N, Preitner F,
Peroni OD, Zabolotny JM, Kotani K, Quadro L
& Kahn BB 2005: Serum retinol binding protein
4 contributes to insulin resistance in obesity and
type 2 diabetes. Nature. 436(7049):356-62.
Kahn BB.1998: Type 2 diabetes: when insulin
secretion fails to compensate for insulin
resistance. Cell 92:593-6.

Von Eynatten M., Lepper P.M., Liu D., LangK.,
Baumann M., Nawroth P & Humpert P. 2007:
Retinol-binding protein 4 is associated with
components of the metabolic syndrome, but not
with insulin resistance, in men with type 2
diabetes or coronary artery disease Diabetolgia
50: 1930-1937

Xu M, Li X\Y., Wang j.g., Wang X.J., Huang
Y., ChengQ., Huang H.E., Li R., Xiang J.,. Tan
JR., Dai M. & Ning G. 2009 :Retinol-binding
protein 4 is associated with impaired glucose
regulation and microalbuminuria in a Chinese
population Diabetolgia 52: 1511-1519

Graham TE, Yang Q, Bluher M, Hammarstedt
A, Ciaraldi TP, Henry RR, Wason CJ, Oberbach
A, Jansson PA, Smith U & Kahn BB., 2006:
Retinol-binding protein 4 and insulin resistance
in lean, obese, and diabetic subjects. New
England Journal of Medicine. 354 2552-2563.
Takebayashi K, Suetsugu M, Wakabayashi S,
Aso Y & Inukai T (2007): Retinol binding
protein-4 levels and clinical features of type 2
diabetes patients. J Clin Endocrinol Metab
92:2712-2719

Broch M, Vendrell J, Ricart W, Richart C &
Fernandez-Real J (2007) : Circulating retinol
binding protein 4, insulin sensitivity, insulin
secretion and insulin disposition index in obese
and non-obese subjects. Diabetes Care 30:1802—
1806

Janke J, Engeli S, Boschmann M, Adams F,
Bohnke J, Luft FC, Sharma AM & Jordan J



Journal of American Science 2013;9(10)

http://www.jofamericanscience.org

37.

38.

39.

40.

2006: Retinol-binding protein 4 in human
obesity. Diabetes 55 2805-2810.

Ost A, Danielsson A, Liden M, Eriksson U,
Nystrom FH & Stralfors P (2007): Retinol-
binding protein-4 attenuates insulininduced
phosphorylation of IRS1 and ERKI1/2 in
primary human adipocytes. FASEB J 21:3696—
3704

Gavi S, Stuart LM & Kelly P (2007): Retinol-
binding protein 4 is associated with insulin
resistance and body fat distribution in non-obese
subjects without type 2 diabetes. J Clin
Endocrinol Metab 92:1886—-1890

Tan BK, Chen J, Lehnert H, Kennedy R &
Randeva HS (2007): Raised serum, adipocyte,
and adipose tissue retinol-binding protein 4 in
overweight women with polycystic ovary
syndrome: effects of gonadal and adrenal
steroids. J Clin Endocrinol Metab 92:2764—
2772

Jia W, Wu H, Bao Y, Wang C, Lu J, Zhu J &
Xiang K 2007: Association of serum retinol-
binding protein 4 and visceral adiposity in
Chinese subjects with and without type 2

9/6/2013

-333-

41.

42.

43.

44,

45.

46.

diabetes. Journal of Clinical Endocrinology and
Metabolism 92 3224-3229

Berndt J, Kovacs P & Ruschke K (2007): Fatty
acid synthase gene expression in human adipose
tissue: association with obesity and type 2
diabetes. Diabetologia 50:1472—-1480

Rosales FJ, Ritter SJ, Zolfaghari R, Smith JE &
Ross AC (1996): Effect of acute inflammation
on plasma retinol, retinol-binding protein, and
its mRNA in the liver and kidneys of vitamin
Adeficiency rats. J Lipid Res 37:962-971
Schweigert FJ (2001): Inflammation-induced
changes in the nutritional biomarkers serum
retinol and carotenoids. Curr Opin Clin Nutr
Metab Care 4:477-481

Stephensen CB (2001): Vitamin A, infection,
and immune function. Annu Rev Nutr 21:167—
192

Sell H & Eckel J (2007): Regulation of retinol
binding protein 4 production in primary human
adipocytes by adiponectin, troglitazone and
TNF-a. Diabetologia 50:2221-2223
Deborah M. Muoiol & Christopher
Newgardl. 2005: Metabolism: A is
adipokine. Nature 436, 337-338.

B.
for



