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Objective: UCP2 is a mitochondrial membrane transporter expressed in white adipose tissue and involved in regulation of
energy balance. In this present study, we examined the depot specific comparison of UCP2 gene expression in different
metabolic states, in order to explore the potential role of UCP2 in human obesity and diabetes. We also determined UCP2’s
association with adiponectin and insulin resistance with different parameters of the metabolic syndrome.

Methods: Subcutaneous adipose tissue (SAT) and omental adipose tissues (OAT) were obtained from 69 subjects,
including 23 non-obese controls, 26 obese and 20 obese T2DM patients. Metabolic syndrome and other clinical features
were studied. Adiponectin and UCP2 gene expression was quantitated by Real Time Reverse Transcriptase Polymerase
Chain Reaction (RT-PCR).

Results: UCP2 gene expression was significantly reduced in obese and diabetic patients compared with controls.
Interestingly, we found that UCP2 gene expression was reduced more in omental fat compared with subcutaneous fat
and this effect was observed only in males but not in females. Partial correlation analysis showed significant association
with the obesity parameters waist circumference, insulin and HOMA-IR, the lipid parameter triglyceride and the
adipokine adiponectin.

Conclusion: Reduced UCP2 gene expression in obese and diabetic patients and its association with obesity parameters and
HOMA-IR confirms its role as a candidate gene in the study of obesity and diabetes in our population. Also, its association
with triglycerides implicates its role in lipid metabolism. An association between adiponectin and UCP2 gene expression may

provide us with an innovative therapeutic strategy to prevent obesity related diseases, like diabetes and CVD.

Introduction

India is currently experiencing an increasing epidemic of obesity
and type 2 diabetes (I2DM). Asian Indians suffer from an
increased susceptibility to T2DM, insulin resistance and cardio-
vascular disease in comparison to Western populations due to an
increased prevalence of central obesity and high body fat (%),
even at low body mass indexes (BMI)."* The presence of certain
genes is responsible for the predisposition of Indians to T2DM.
Further studies are needed to unravel the genetics of diabetes in
the Indian population.
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Uncoupling proteins (UCPs) are attractive candidate genes for
obesity and T2DM as they have been mapped to the human
chromosome 11q13 and mouse chromosome 7 in regions that
have been linked to obesity and hyperinsulinemia.>® UCP belongs
to the family of mitochondrial transporter proteins that uncouples
the transport of protons across the inner mitochondrial membrane
from the electron transport chain that results in the synthesis of
adenosine triphosphate (ATP) from adenosine diphosphate
(ADDP), hence generating heat rather than energy.**

UCPI, the first member identified, is expressed primarily in
brown adipose tissue and is responsible for non-shivering
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thermogenesis in infants and small mammals, but its role in the
adult human is uncertain. In contrast, UCP2 is expressed widely,
such as in white adipose tissue, skeletal muscle, pancreatic islets
and the central nervous system. UCP3 exhibits a more limited
tissue-specific expression, confined to skeletal muscle, cardiac
muscle and fat tissue. The UCP literature currently indicates that
the physiological role of the UCP1 homologs in mammals extend
into fatty acid oxidation, the glucose disposal rate, insulin
secretion, reactive oxygen species (ROS) production, apoptosis
and aging.””

Several UCP2 gene polymorphisms were linked to an increased
BMI in Pima Indians and other populations,'®'* although this has
not been confirmed by other studies.”'? The association of UCP2
gene polymorphisms with insulin resistance and T2DM has also
been reported in several studies.***¢

Reduced UCP gene expression has been found in adipose tissue
of obese subjects and in the first-degree relatives of T2DM
patients.””'”'® A few studies also reported that thizolidinediones
(TZD) stimulated UCP2 gene expression in human adipo-
cytes.'>"? Thus, these reports indicate that this protein could be
playing an important role in the regulation of energy expenditure
and are likely to contribute to obesity and T2DM.

UCP2 levels in adipose tissue may also influence systemic
metabolism via modification of the release of adipokines by
adipose tissue.”® The adipokine adiponectin is exclusively
expressed in white adipose tissue and is located on chromosome
3q27, which has been mapped to a susceptibility locus for T2DM
and metabolic syndrome.*"*> Novel anti-inflammatory, anti-
atherogenic and insulin sensitizing properties of adiponectin
make this cytokine an important candidate gene for T2DM. Low
plasma adiponectin levels in insulin resistant states suggest that
adiponectin  might have therapeutic advantages,”
Villarroya and coworkers reported that circulating adiponectin

several

levels and adiponectin gene expression in adipose tissue are
reduced in UCP2-null mice, though this relation in human
studies is not yet understood.*

Animal and human studies do not yet afford a clear view of the
role of UCP2 in the human adipose tissue of obese and diabetic
patients. Though UCP expression studies in skeletal muscle of
T2DM has been reported,”® to date, no study is available on UCP
expression in human adipose tissue of diabetic patients. The present
study was undertaken to test the hypothesis that UCP2 mRNA
levels are decreased in obese and diabetic patients and also to
elucidate the depot specific comparison of UCP2 gene expression
and its association with insulin resistance, different parameters of
metabolic syndrome and the adipokine, adiponectin.

Results

Clinical characteristics of the population. The clinical charac-
teristics of study subjects, which included 23 non-obese controls,
26 obese and 20 T2DM patients, are shown in Table 1. Mean
levels of BMI, waist size, systolic blood pressure, plasma glucose,
insulin and HOMA-IR were significantly increased in obese
subjects. Serum high density lipoprotein (HDL) cholesterol and

adiponectin levels were significantly reduced in obese subjects
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Table 1. Characteristics of study subjects (mean + SE)

Control Obese T2DM
Number 23 26 20
Sex (M:F) 8:15 9:17 8:12
BMI (kg/m?) 20.56 = 0.54 32,9 + 1.8%%* 39,37 &+ 220%**+
Waist (cm) 7857 + 1.13  103.58 + 4.6%** 117.6 + 52%**1
SBP (mmHg) 11478 £ 1.9 120.77 = 1.6*  127.5 + 1.76%**"
DBP (mmHg) 7783 £ 15 7846 £ 1.3 SSISE NVl
Glucose (mg/dl) 472 £ 0.09 5.13 + 0.07%%* 9.8 + 0.42%**It
Total cholesterol ~ 3.87 + 0.24 471 £021  6.16 £ 0.35%**TT
(mg/dl)
Triglyceride (mg/dl) 1.14 £ 0.06 131 £ 0.1 2.09 + 0.14%**1tt
HDL cholesterol 1.24 £ 0.04 1.08 + 0.04* 0.83 * 0.03***1f
(mg/dl)
Insulin (uU/ml) 11.66 = 3.03 2469 = 5.12 33.62 £ 169
HOMA-IR 246 = 0.67 5.75 £ 1.26* 8.17 + 2.22%
Serum adiponectin  10.16 + 1.06 6.2 + 0.92** 7.55 + 0.74*

(mg/l)

***p < 0.001; **p < 0.01, *p < 0.05 vs control group; "p < 0.001,
p < 0.01, fp < 0.05, p < 0.02 vs. obese group.

compared with control subjects. In the case of diabetic patients,
mean levels of BMI, waist size, systolic and diastolic blood
pressure, plasma glucose and triglycerides were significantly
increased, while HDL cholesterol was significanty reduced
compared with control and obese subjects. Diabetic patients
exhibited insulin resistance condition as expected and serum
adiponectin levels were significantly reduced compared with
control subjects. Gender dimorphism was observed in serum
adiponectin levels where female controls exhibited significantly
higher levels compared with male controls (male controls, 11.81 +
0.89 and female controls, 6.85 + 1.8).

Depot-specific UCP2 gene expression. In non-obese controls,
obese and diabetic patients, both in males and females, UCP2
gene expression of OAT was significantly higher compared with
SAT (Fig. 1) *p < 0.05, **p < 0.01.

Metabolic condition based effect on UCP2 and adiponectin
gene expression. Metabolic condition based analysis reported that
UCP2 gene and adiponectin gene expression was significantly
reduced in obese and diabetic patients compared with controls
(**p < 0.001) and this reduction was almost 60-70%,
irrespective of depots and gender (Fig. 2A and B).

When adiponectin gene expression was normalized to BMI, it
exhibited a significantly reduced expression in obese and diabetic
patients compared with controls (0.046 + 0.001, 0.031 + 0.001,
0.026 + 0.001; ***p < 0.001 control, obese and diabetic patients
values respectively). UCP2 gene expression was also independent
of changes in BMI (0.054 + 0.002, 0.037 + 0.003, 0.034 + 0.002;
**p < 0.001 control, obese and diabetic patients values
respectively).

Gender-based effect on UCP2 gene expression. Using the
224 method, the data are presented as fold changes in gene
expression normalized to an endogenous reference gene, relative
to control (calibrator).

Volume 1 Issue 2



= Control
Aéi 7 | OSAT

=

S p mOAT *

=

'O

= 5

=

2

E o4

&

= 3

2 *

9

&} 2

N

S 1

L

Z

2 0 1 ul

@

x Male Female

= Obese
Bs;; 3 1 osaAT

3 mOAT

=

< 25 *%

S

£ 2

5

B

& 15

=

4]

=

s 1

o

> 05

@

-

=]

=

2 0 -

Male Female

Cs T2DM

& 35

g OSAT

¥ 3| mOAT *%

~

s

= 25

k

£ 2

—_

&

=18 -

]

5

o1

o

= 05 <

4]

&

= 0

§ Male Female

Gender-based effect in obesity exhibits no difference in UCP2
gene expression from SAT and OAT of male and female subjects
(Table 2A). Table 2B presents the gender-based effect in diabetic
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Figure 1. UCP2 gene expression from SAT (empty bar) and OAT (solid bar)
of non-obese controls (A), obese (B) and T2DM (C) from both genders (male
and female). UCP2 gene expression was measured with real-time PCR and
normalized to B actin using the 244 method of relative quantification.
Data are presented as mean + SE (results presented relative to SAT and
mean value for SAT was set at 1). *p < 0.05, **p < 0.01.

patients, where UCP2 gene expression was reduced more in
omental compared with subcutaneous fat, and this effect is more
prominent in males but not in females (*p < 0.05).

Relation between UCP2 gene expression and the metabolic
syndrome parameter and adiponectin. With regard to association
studies of UCP2 gene expression with different parameters of
metabolic syndrome, gene expression from SAT but not OAT
exhibits a significant negative association with the obesity
parameters waist circumference, insulin, HOMA-IR and also
with the lipid parameter of triglyceride and positive association
with serum adiponectin and SAT and OAT adiponectin gene
expression after adjustment for age (Table 3).

Discussion

The Asian Indian population seems to be genetically more prone
to insulin resistance and T2DM due to their unique features of
increased central obesity at a low BMI."* Central obesity is
associated with increased local adipose tissue inflammation. In the
last decade, new endocrine functions have been discovered for
adipose tissue, indicating that the adipocyte is an important
regulator of systemic metabolism via the production of multiple
proteins (adipokines).”’ UCP2 is also widely expressed in human
tissues, including white adipose tissue. Initially, several studies had
reported the role of UCP2 in the regulation of whole energy
homeostasis.** Recently, the UCP2 locus has been linked to
obesity, hyperinsulinemia and resting energy expenditure,
suggesting that variation in UCP2 expression could influence
the development of obesity and its associated metabolic disorders,
such as T2DM, hypertension and atherosclerosis.'"*'® Hence,
UCP2, a member of mitochondrial carrier proteins, has been
hypothesized as an attractive candidate gene for obesity and
T2DM'3,16,24

Most of the literature has focused on polymorphism studies of
the promoter region of the human UCP2 gene'*'®*
regulation of UCP2 gene expression has been studied more

whereas

extensively only in rodents.”**” Interestingly, one rodent study
reported that UCP2 controls adiponectin gene expression in
adipose tissue of mice.”® Association between these proteins was
not studied in human adipose tissue. Since both adiponectin and
UCP2 are important players in energy metabolism and adipose
tissue function, studies exploring the association between these
proteins are of great importance from a therapeutic point of view
in obesity related disease.

Limited data are available on UCP2 gene expression in human
adipose tissue of obese subjects,”®'>'>!” but no data are available
from diabetic patients. Thus, these studies do not yet offer a clear
view of the role of UCP2 in human adipose tissue of diabetic
patients.
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Figure 2. (A) Percentage (%) reduction in UCP2 gene expression of obese (gray bar) and diabetic patients (solid bar) compared with controls (empty bar).
Data are reported as mean = SE, and results are presented as percent of control group (control value = 100%) [Using the 244<* method, the data are
presented as the fold changes in gene expression normalized to an endogenous reference gene and relative to control (calibrator)]. ***p < 0.001.
(B) Percentage (%) reduction in adiponectin gene expression of obese (gray bar) and diabetic patients (solid bar) compared with controls (empty bar).
Data are reported as mean + SE, and results are presented as percent of control group (control value = 100%) [Using the 2 method, the data are
presented as the fold changes in gene expression normalized to an endogenous reference gene and relative to control (calibrator)]. ***p < 0.001.

To our knowledge, this is the first study wherein UCP2 gene
expression was studied in diabetic patients in a depot-specific
manner (including SAT and OAT). In the present study, UCP2
gene expression was evaluated in human adipose tissue of obese
subjects. Furthermore, association of UCP2 gene expression from
both the depots with insulin resistance, with different parameters
of metabolic syndrome, and the adipokine adiponectin was also
investigated to gain insight into adipocyte biology.

The main finding of the study is a reduced UCP2 gene
expression in obese Indian subjects compared with non-obese
controls, irrespective of depots and gender. These findings are
consistent with other reports.”'>'”'* This lower expression may
result in a decreased production of UCP2, decreased energy
expenditure and hence, increased accumulation of body fat.

Table 2. Gender-based effect in obese or diabetic subjects (mean + SE)
OAT OB M
(n=6) 025 + 0.1*

SAT OB M
(n=6)0.54 £ 0.11

A. Obese subjects
UCP2 gene expression
SAT OB F
(n=14) 0.35 + 0.06

OAT OB F

UCP2 gene expression (n = 14) 0.37 £ 0.08

B. Diabetic subjects SAT DM M OAT DM M
UCP2 gene expression (n =6) 038 + 0.1 (n =6) 0.01 + 0.02"
SAT DM F OAT DM F

UCP2 gene expression  (n =9) 043 £ 0.11 (n=9) 0.29 + 0.06

Using the 244 method, the data are presented as the fold changes in gene
expression normalized to an endogenous reference gene and relative to
control (calibrator). SAT, subcutaneous adipose tissue; OB, obese; M, male;
F, female; OAT, omental adipose tissue; DM, diabetic; *p < 0.02 (paired
t-test); p < 0.05 (paired t-test).
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Consistent with previous reports, adiponectin gene expression was
significantly reduced in obese and diabetic patients.”®*

Interestingly, UCP2 gene expression was also reduced in Indian
diabetic patients and this decrease was independent of changes in
BMI, thus implicating this gene in the pathophysiology of both
obesity and T2DM.

Oberkofler et al.'” found that UCP2 mRNA abundance was
higher in the intra-peritoneal region than in the extra peritoneal
adipose tissue. The reason could be that the lipolysis activity and
triglyceride turnover is higher in omental fat compared with
subcutaneous depot. The present study also reported that UCP2

Table 3. Association of UCP2 expression in SAT and OAT with different
metabolic syndrome parameter

Parameter UCP2 expression  UCP2 expression
(SAT) (OAT)
BMI NS NS
Waist -0.25% NS
Insulin -0.429* NS
HOMA-IR -0.425* NS
Triglyceride -0.287* NS
HDL cholesterol NS NS
Serum adiponectin level 0.324* NS
Adiponectin gene 0.497** NS
expression (SAT)

Adiponectin gene 0.389* NS

expression (OAT)

*p < 0.05, **p < 0.01. Partial correlation analysis with adjustment for age.
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gene expression was 2- to 4-fold higher in OAT compared with
SAT of the Indian population.

The degree of obesity and fat distribution differed across
genders. In gender-based analysis, in our population, we found
that the reduction in UCP2 gene expression was more in OAT
compared with SAT of male diabetic patients but not of females.
In particular, one previous study has also demonstrated that
UCP2 gene polymorphisms may increase the risk of central
obesity and metabolic syndrome with greater effects on Asian
men.'*

In agreement with the results of previous studies,”'” this
present study found that UCP2 gene expression of SAT, but not
OAT, was significantly associated with the obesity parameters
waist circumference, insulin and HOMA-IR. Though UCP2 gene
expression was higher overall in OAT of control, obese and
T2DM patients, a reduction in UCP2 gene expression was found
in omental compared with subcutaneous fat in obese and diabetic
patients, compared with controls. The lack of physiological
regulation of UCP2 gene expression in OAT with the parameters
of metabolic syndrome could be due to defective omental fat
compared with subcutaneous.'”

The association of the UCP2 gene with the lipid parameter
triglyceride suggests its role in the regulation of lipid metabolism.
Possibly through its function as a free fatty acid transporter,
UCP2 may participate in the regulation of lipids as fuel substrates.
The most important finding of the association study is the
positive correlation between adiponectin and UCP2 gene
expression in the Indian population. This new insight may
provide us with innovative therapeutic strategies to prevent
obesity related diseases like diabetes and CVD.

In conclusion, reduced UCP2 gene expression in obese and
diabetic patients in our population, and its association with
obesity parameters and HOMA-IR, confirms its role as a
candidate gene in the study of obesity and diabetes. Association
of UCP2 gene expression with triglyceride implicates its role in
lipid metabolism. The UCP2 gene also remains an interesting
target for pharmacological upregulation in the treatment of
obesity and diabetes with its association with the adipokine,
adiponectin.

Materials and Methods

Subjects. The study population consisted of a total of 69 subjects,
consisting of 23 non-obese controls, 26 obese and 20 T2DM
patients. Diabetes was defined based on history (for patients
taking oral hypoglycemic drugs) or according to WHO criteria®
of fasting glucose = 7.0 mmol/l or 2 h glucose = 11.1 mmol/l for
subjects without a clinical history of diabetes. Most of the diabetic
patients were receiving anti-diabetic agent sulphonylurea or
metformin or a combination of both. Diabetic patients were
not receiving treatment for hypertension or any other illness at the
time of study. None of the diabetic patients had significant renal,
hepatic or cardiovascular disease. Obesity was defined if the BMI
was = 25 kg/m?® according to the cut-off suggested for Asian

31

Indians.” Control subjects were classified as having normal

glucose tolerance (fasting plasma glucose < 6.1 mmol/l and 2 h

www.landesbioscience.com

Adipocyte

glucose < 7.8 mmol/l). They were non-hypertensive and non-
obese and were confirmed to have no known disease, including
cardiac and thyroid disease. None of the controls have a family
history of T2DM. All the subjects gave their informed consent
after the procedure was explained to them. The ethics committee
of Sir Hurkisondas Nurrotumdas Hospital and Medical Research
Society approved the project.

The study subjects were surgical patients from Sir H.N.
Hospital and Research Centre and St. George’s Hospital,
Mumbai, who underwent abdominal surgery for various ailments
such as gall bladder stone (cholelithiasis), kidney stones (renal
calculi), appendicitis, ovarian cyst, umbilical/inguinal hernia and
laparoscopic gastric bypass. All subjects fasted overnight before
tissue removal. SAT and OAT samples (-1-5 g) were collected
during the surgical procedure and were immediately sent to the
laboratory. SAT was collected at the site of transverse lower
abdominal incision and OAT was collected from greater
omentum.

Anthropometric measurements and biochemical estimation.
The subjects had an age range of 35-65 y. Anthropometric
measurement including height, weight and waist circumference
(abdominal circumference at the level of iliac crest) and clinical
details including blood pressure measurement were obtained from
the case report. BMI was calculated from the ratio of body weight
in kg to height in square meters and expressed as kg/m* units.
Fasting blood samples were obtained after surgery for the
determination of serum adiponectin, insulin and plasma glucose
levels. Fasting plasma glucose was measured by the glucose
peroxidase method (Randox). ELISA Kits for human serum
adiponectin and insulin were obtained from Linco Res Inc.

Insulin resistance measured as Homeostasis Model Assessment-

Insulin Resistance (HOMA-IR) using following formula:*?

Fasting insulin (uU/ml) x Fasting glucose (mmol/l)
22.5

Insulin resistance =

Isolation of RNA from adipose tissue. Adipose tissue was
immediately put into liquid nitrogen after resection and then
stored at —80°C until used. Total RNA was extracted using
RNeasy Liquid Tissue Extraction Minikit (Qiagen Inc.) according
to manufacturer instructions. RNA was quantified by measuring
absorbance at 260 nm and 280 nm. RNA integrity was verified by
carrying out formamide agarose gel electrophoresis. Total RNA
was stored at —80°C.

Real time reverse transcriptase polymerase chain reaction
(RT-PCR) measurement of UCP2 and adiponectin gene
expression. RNA was converted into ¢cDNA by reverse trans-
cription (RT) using random hexamers and Multdscribe TM
Reverse Transcriptase at 25°C for 10 min, 37°C for 120 min and
85°C for 5 min according to manufacturer’s instructions (High
Capacity cDNA Reverase transcription kit, Applied Biosystems).

Quantitative real-time PCR was performed using an Applied
Biosystems 7500 Real-Time PCR system as described by the
manufacturer (Applied Biosystems). Tagman universal PCR
master mix was used. Tagman primers and probes for human
UCP2, adiponectin and B actin as an internal control were also
supplied by Applied Biosystems (Assay-by-Design). All samples
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were run in duplicate. For the negative control, the same set-up
was used with the exception of the addition of the cDNA sample.
PCR product was not detected in the control conditions. In brief,
UCP2 mRNA and $ actin were amplified in separate wells at
95°C for 10 min and thereafter repeating cycles comprised of
95°C for 15 sec and 60°C for 1 min for annealing and extension
steps. During the extension step, an increase in fluorescence was
measured in real-time. A calibrator sample (controls) was run
together with samples in every run (on each plate) in the PCR
instrument.

Data were obtained as ct values according to the manufacturer’s
guidelines, where ct is defined as the cycle number at which
fluorescence is statistically significant above background. Fold
changes of gene expression were calculated by the 244 method,
where Act is the difference in ct of the gene of UCP2 and ct of 8
actin; and AAct is the difference in Act of unknown sample and
Act of the calibrator or control samples.”” Using the 244
method, the data are presented as the fold changes in gene
expression normalized to an endogenous reference gene and
relative to control (calibrator).

Statistical analysis. UCP2 gene expression was measured with
the real-time PCR and normalized to 8 actin using the 244
method of relative quantification. Quantitative data are expressed

as mean * SE from determinations. Group means were compared
using a one-way ANOVA with post hoc tests (for multiple group
comparisons) or unpaired t-test (for comparison between two
groups). Student’s paired t-test was used for comparing data from
SAT and OAT depots in each individual subject. Partial
correlation analysis was performed with adjustment for age for
determining the relationship between adiponectin gene expression
and different parameters of syndrome and UCP2 gene expression.
The level of significance for all statistical tests was set at p < 0.05.
All analysis was performed using SPSS (Version 16).

Disclosure of Potential Conflict of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

The authors wish to thank the Director and the Management of
Sir H. N. Medical Research Society of Sir H.N. Hospital and
Research Centre for sanctioning the project and the necessary
funds to conduct this project successfully. We thank Dr S. Borude
for his kind support. We thank Ms Anika, Mr Parag and
Ms Deepika for their kind assistance in this project. We also
thank Dr Savita Bosekar and Dr Madan Naik for helpful

discussion.

References 10. Millet L, Vidal H, Andreelli F, Larrouy D, Riou JP, 17. Oberkofler H, Liu YM, Esterbauer H, Hell E, Krempler
1. Misra A, Vikram NK. Insulin Resistance Syndrome and Ricquier D, et al.}ncreasgd unc?upl%ng protein-2 and F, Patsch W.A Un-cogpling Rrotein-2 gene: -reduced
Asian Indian, Curr Sci 2002; 83:1483-96. -3 mRNA expression during fasting in obese and lean mRNA expression in intraperitoneal adipose tissue of
i i X humans. J Clin Invest 1997; 100:2665-70; PMID: obese humans. Diabetologia 1998; 41:940-6; PMID:
2. {\/iléhanl\’:i_[)eexwpahR- Adlpc”cyrolznes ar;:l rkﬁe ‘exPaI;dl;g 9389729; hutp://dx.doi.org/10.1172/JCI119811 97265975 htep://dx.doi.org/10.1007/5001250051011
205(;3; 54‘1'61;;—6‘ Pe&(;g?;zilzofzoc ysiclans India 11. Bao S, Kennedy A, Wojciechowski B, Wallace P, 18. Pedersen SB, Nyholm B, Kristensen K, Nielsen MF,
T ’ . . . Ganaway E, Garvey WT. Expression of mRNAs Schmitz O, Richelsen B. Increased adiposity and
3. Dalga}ard LT, Pec?er'sen 0. Un‘coupllng proteins: encoding uncoupling proteins in human skeletal reduced adipose tissue mRNA expression of uncoupling
functlor}al characteristics a'nd role m_the P athogene51s muscle: effects of obesity and diabetes. Diabetes protein-2 in first-degree relatives of type 2 diabetic
of obesity and Type II diabetes. Dlabetologl.a 2001; 1998; 47:1935-40; PMID:9836527; http://dx.doi.org/ patients: evidence for insulin stimulation of UCP-2 and
?32)94/6{)?)5; PMID:é1484071; hrp:/{dx.doi.org/10. 10.2337/diabetes.47.12.1935 UCP-3 gene expression in adipose tissue. Diabetes
7/500125010059 . 12. Barbe P, Millet L, Larrouy D, Galitzky J, Berlan M, Obes Metab 2005; 7:98-105; PMID:15642081; http://
4. Wang H, Chu WS, Lu T, Hasstedr 5], Kern PA, Elbein Louvet JP, et al. Uncoupling protein-2 messenger dx.doi.org/10.1111/j.1463-1326.2005.00365 x
SC_' Uncouphr?g Pro(e{n 2 .polymor})hlsms n Type' 2 ribonucleic acid expression during very-low-calorie diet 19. Schrauwen P, Mensink M, Schaart G, Moonen-
Dlabetés’ obesity and insulin secretion. Am ] Physiol in obese premenopausal women. ] Clin Endocrinol Kornips E, Sels JP, Blaak EE, et al. Reduced skeletal
Endocrinol Metab 2004; 2§6:E1_7; PMID:12915397; Metab 1998; 83:2450-3; PMID:9661627; http://dx. muscle uncoupling protein-3 content in prediabetic
hup://dx.doi.org/10.1152/ajpendo.00231.2003 doi.org/10.1210/jc.83.7.2450 subjects and type 2 diabetic patients: restoration by
5. Langin D, Lrrowy D, Barbe P, Millet L, Viguerie- 13. Digby JE, Crowley VEF, Sewter CP, Whitehead JP, rosiglitazone treatment. J Clin Endocrinol Metab 20065
Bascands N, Andreelui F, et al. Uncoupling protein 2 Prins JB, O'Rahilly S. Depot related and 91:1520-5; PMID:16384852;  http://dx.doi.org/10.
FUCP,Z) and I.Jncoupling protein 3 (UCPS_) expression Thiazolidinedion responsive expression of uncoupling 1210/jc.2005-1572
in adipose tissue anFl skeletal muscle in humans. protein 2 (UCP2) in human adipocyte. Int J Obes 20. Chevillotte E, Girale M, Miroux B, Ricquier D,
Int J Obes Metab Disorder 1999; 23:564-7; PMID: 2000; 24:585-92; PMID:10849580; htp://dx.doi.org/ Villarroya F. Uncoupling protein-2 controls adiponec-
10454128 . . 10.1038/s.ij0.0801201 tin gene expression in adipose tissue through the
6. Fleury _C’ NeVerOVfl M, (;ollms S, Raimbault 'S’ 14. Shen H, Qi L, Tai ES, Chew SK, Tan CE, Ordovas modulation of reactive oxygen species production.
Champigny O, Levi-Meyrueis C, et al. Uncoupling JM. Uncoupling Protein 2 Promoter Polymorphism— Diabetes 2007; 56:1042-50; PMID:17395745; htep://
Rrotei.n—Z: a novel gene linked to obesity and hyperinsu- 866G/A, central adiposity, and metabolic syndrome in dx.doi.org/10.2337/db06-1300
linemia. NaF Genet 19973 15:269-72; PMID:9054939; Asians. Obesity 2006; 14:656-61; PMID:16741267; 21. Pittas AG, Joseph NA, Greenberg AS. Adipocytokines
thp://dx.dm.org/lO.1038/ng0397—269 http://dx.doi.org/10.1038/0by.2006.74 and insulin resistance. J Clin Endocrinol Metab 2004;
7. Pinkney JH, Boss 'O’ Bray C,;A’ ]'3u1mer K’ Co'ppack 15. Bulotta A, Ludovico O, Coco A, Di Paola R, Quattrone 89:447-52; PMID:14764746;  http://dx.doi.org/10.
SW, Mf)hamed»Al} V. Physiological 'relatlhonshlps of A, Carella M, et al. The common -866G/A poly- 1210/j¢.2003-031005
un-couplu:lg pfote}n—l gene expression - In human morphism in the promoter region of the UCP-2 gene is 22. Vionnet N, Hani EH, Dupont S, Gallina S, Francke S,
adipose dissuc in vivo. ] Clin Endocrinol Met:%b 2000; associated with reduced risk of type 2 diabetes in Dotte S, et al. Genomewide search for type 2 diabetes-
85:23‘12—7; PMID:10852469;  http://dx.doi.org/10. Caucasians from Italy. ] Clin Endocrinol Metab 2005; susceptibility genes in French whites: evidence for a
1210/¢.85.6.2312 90:1176-80; PMID:15562023; http://dx.doi.org/10. novel susceptibility locus for early-onset diabetes on
8. Shidwn B, Gz'maway E 'Garvey \WT Expression of 1210/jc.2004-1072 chromosome 3q27-qter and independent replication of
mRNAs er{codmg uncoupling protein in human skeletal 16. D’Adamo M, Perego L, Cardellini M, Marini MA, a type 2-diabetes locus on chromosome 1q21-q24. Am
muscle. Diabetes 1998; 47:1935-40; PMID:9836527; Frontoni S, Andreozzi F, et al. The -866A/A genotype J Hum Genet 2000; 67:1470-80; PMID:11067779;
hetp:/dx.doi.org/10.2337/diabetes.47.12.1935 in the promoter of the human uncoupling protein 2 htep://dx.doi.org/10.1086/316887
9. Xiao XQ, Grove KL, Gragson BE, Smith MS. gene is associated with insulin resistance and increased
Inhibition of uncoupling protein expression during risk of type 2 diabetes. Diabetes 2004; 53:1905-10;
lactation: role of leptin. Endocrinology 2004; 145:830-8; PMID:15220218; hep:/dx.doi.org/10.2337/diabetes.
PMID:14605003;  http://dx.doi.org/10.1210/en.2003- 53.7.1905
0836
106 Adipocyte Volume 1 Issue 2


http://www.ncbi.nlm.nih.gov/pubmed/17212014
http://www.ncbi.nlm.nih.gov/pubmed/11484071
http://dx.doi.org/10.1007/s001250100596
http://dx.doi.org/10.1007/s001250100596
http://www.ncbi.nlm.nih.gov/pubmed/12915397
http://dx.doi.org/10.1152/ajpendo.00231.2003
http://www.ncbi.nlm.nih.gov/pubmed/10454128
http://www.ncbi.nlm.nih.gov/pubmed/10454128
http://www.ncbi.nlm.nih.gov/pubmed/9054939
http://dx.doi.org/10.1038/ng0397-269
http://www.ncbi.nlm.nih.gov/pubmed/10852469
http://dx.doi.org/10.1210/jc.85.6.2312
http://dx.doi.org/10.1210/jc.85.6.2312
http://www.ncbi.nlm.nih.gov/pubmed/9836527
http://dx.doi.org/10.2337/diabetes.47.12.1935
http://www.ncbi.nlm.nih.gov/pubmed/14605003
http://dx.doi.org/10.1210/en.2003-0836
http://dx.doi.org/10.1210/en.2003-0836
http://www.ncbi.nlm.nih.gov/pubmed/9389729
http://www.ncbi.nlm.nih.gov/pubmed/9389729
http://dx.doi.org/10.1172/JCI119811
http://www.ncbi.nlm.nih.gov/pubmed/9836527
http://dx.doi.org/10.2337/diabetes.47.12.1935
http://dx.doi.org/10.2337/diabetes.47.12.1935
http://www.ncbi.nlm.nih.gov/pubmed/9661627
http://dx.doi.org/10.1210/jc.83.7.2450
http://dx.doi.org/10.1210/jc.83.7.2450
http://www.ncbi.nlm.nih.gov/pubmed/10849580
http://dx.doi.org/10.1038/sj.ijo.0801201
http://dx.doi.org/10.1038/sj.ijo.0801201
http://www.ncbi.nlm.nih.gov/pubmed/16741267
http://dx.doi.org/10.1038/oby.2006.74
http://www.ncbi.nlm.nih.gov/pubmed/15562023
http://dx.doi.org/10.1210/jc.2004-1072
http://dx.doi.org/10.1210/jc.2004-1072
http://www.ncbi.nlm.nih.gov/pubmed/15220218
http://dx.doi.org/10.2337/diabetes.53.7.1905
http://dx.doi.org/10.2337/diabetes.53.7.1905
http://www.ncbi.nlm.nih.gov/pubmed/9726597
http://www.ncbi.nlm.nih.gov/pubmed/9726597
http://dx.doi.org/10.1007/s001250051011
http://www.ncbi.nlm.nih.gov/pubmed/15642081
http://dx.doi.org/10.1111/j.1463-1326.2005.00365.x
http://dx.doi.org/10.1111/j.1463-1326.2005.00365.x
http://www.ncbi.nlm.nih.gov/pubmed/16384852
http://dx.doi.org/10.1210/jc.2005-1572
http://dx.doi.org/10.1210/jc.2005-1572
http://www.ncbi.nlm.nih.gov/pubmed/17395745
http://dx.doi.org/10.2337/db06-1300
http://dx.doi.org/10.2337/db06-1300
http://www.ncbi.nlm.nih.gov/pubmed/14764746
http://dx.doi.org/10.1210/jc.2003-031005
http://dx.doi.org/10.1210/jc.2003-031005
http://www.ncbi.nlm.nih.gov/pubmed/11067779
http://dx.doi.org/10.1086/316887

23.

24.

25.

26.

27.

Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda
M, Okamoto Y, et al. Plasma concentrations of a novel,
adipose-specific protein, adiponectin, in type 2 diabetic
patients. Arterioscler Thromb Vasc Biol 2000; 20:1595-9;
PMID:10845877;  http://dx.doi.org/10.1161/01.ATV.
20.6.1595

Dalgaard LT, Andersen G, Larsen LH, Serensen TIA,
Andersen T, Drivsholm T, et al. Mutational analysis of
the UCP2 core promoter and relationships of variants
with obesity. Obes Res 2003; 11:1420-7; PMID:
14627764; http://dx.doi.org/10.1038/0by.2003.191
Esterbauer H, Schneitler C, Oberkofler H, Ebenbichler
C, Paulweber B, Sandhofer F, et al. A common
polymorphism in the promoter of UCP2 is associated
with decreased risk of obesity in middle-aged humans.
Nat Genet 2001; 28:178-83; PMID:11381268; http://
dx.doi.org/10.1038/88911

Hidaka S, Kakuma T, Yoshimatsu H, Yasunaga S,
Kurokawa M, Sakata T. Molecular cloning of rat
uncoupling protein 2 ¢DNA and its expression in
genetically obese Zucker fatty (fa/fa) rats. Biochim
Biophys Acta 1998; 1389:178-86; PMID:9512646
Savontaus E, Rouru J, Boss O, Huupponen R, Koulu
M. Differential regulation of uncoupling proteins by
chronic treatments with $ 3-adrenergic agonist BRL
35135 and metformin in obese fa/fa Zucker rats.
Biochem Biophys Res Commun 1998; 246:899-904;
PMID:9618309; http://dx.doi.org/10.1006/bbrc.1998.
8721

www.landesbioscience.com

28.

29.

30.

31.

Statnick MA, Beavers LS, Conner L], Corominola H,
Johnson D, Hammond CD, et al. Decreased expression
of apM1 in omental and subcutaneous adipose tissue of
humans with type 2 diabetes. Int J Exp Diabetes Res
2000; 1:81-8; PMID:11469400; http://dx.doi.org/10.
1155/EDR.2000.81

Bruun JM, Lihn AS, Verdich C, Pedersen SB, Toubro
S, Astrup A, et al. Regulation of adiponectin by adipose
tissue-derived cytokines: in vivo and in vitro investi-
gations in humans. Am ] Physiol Endocrinol Metab
2003; 285:E527-33; PMID:12736161

World Health Organization. Definition, diagnosis and
classification of Diabetes Mellitus and its complications.
Report of a WHO consultation. Part 1: Diagnosis and
classification of Diabetes Mellitus (WHO /NCD / CS /
99.2) World Health Organization, Geneva (1999).
World Health Organization. The Asia-Pacific perspec-
tive: Redefining obesity and its treatment. Geneva,

Switzerland: World Health Organization 2000.

Adipocyte

32.

33.

Matthews DR, Hosker JP, Rudenski AS, Naylor BA,
Treacher DF, Turner RC. Homeostasis model assess-
ment: insulin resistance and beta-cell function from
fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28:412-9; PMID:3899825;
htep://dx.doi.org/10.1007/BF00280883

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2(-Delta Delta C(T)) Method. Methods 2001;
25:402-8; PMID:11846609; http://dx.doi.org/10.1006/
meth.2001.1262

107


http://www.ncbi.nlm.nih.gov/pubmed/10845877
http://dx.doi.org/10.1161/01.ATV.20.6.1595
http://dx.doi.org/10.1161/01.ATV.20.6.1595
http://www.ncbi.nlm.nih.gov/pubmed/14627764
http://www.ncbi.nlm.nih.gov/pubmed/14627764
http://dx.doi.org/10.1038/oby.2003.191
http://www.ncbi.nlm.nih.gov/pubmed/11381268
http://dx.doi.org/10.1038/88911
http://dx.doi.org/10.1038/88911
http://www.ncbi.nlm.nih.gov/pubmed/9512646
http://www.ncbi.nlm.nih.gov/pubmed/9618309
http://dx.doi.org/10.1006/bbrc.1998.8721
http://dx.doi.org/10.1006/bbrc.1998.8721
http://www.ncbi.nlm.nih.gov/pubmed/11469400
http://dx.doi.org/10.1155/EDR.2000.81
http://dx.doi.org/10.1155/EDR.2000.81
http://www.ncbi.nlm.nih.gov/pubmed/12736161
http://www.ncbi.nlm.nih.gov/pubmed/3899825
http://dx.doi.org/10.1007/BF00280883
http://www.ncbi.nlm.nih.gov/pubmed/11846609
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1006/meth.2001.1262

	Table 1
	Figure 1
	Table 3
	Figure 2
	Table 2
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33

