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Long-term exposure to hypercaloric high fat diet induced marked tissue fatty acid
accumulation and may influence cell function, Previous results in our laboratory
showed that uncoupling proteins (UCPs) and fatty acid-binding protein (FABP)
gene expression are changed in adipose tissue and skeletal muscle tissue in diet-indu
ced (cafeteria) obese animals. The aim of this study was to examine heart FABP
(HFABP) and UCP2 gene expressions in dietary obese rats. Rats fed on a high-fat
diet for 65 days had significantly higher fat stores and body weight than control rats.
Interestingly, we found that both HFABP and UCP2 mRNA levels were signifi
cantly reduced in cafeteria-obese rats when compared to control animals. Moreover,
a statistically significant correlation was observed between the two gene expression
levels. The down-regulation of heart HFABP and UCP2 parallels the lower lipid uti
lization which may account for an enhanced fat deposition. It is plausible that these
two genes are regulated by the same family of transcription factors.
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Long-term exposure to hypercaloric
high fat diet induced an important tissue
fatty acid accumulation and may influence
cell function. Previously, our team has
shown that uncoupling proteins (UCPs)
and fatty acid-binding protein (FABP)
were modified in adipose tissue and skele
tal muscle of diet-induced obese .animals
(3,7, 10). In this work, our interest was to
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evaluate changes in heart gene expression
in order to increase our understanding of
the potential heart damage associated with
obesity status (1, 17).

In cardiac muscle, fatty acids are the
main source of energy and high fat feeding
may change gene expression. The heart
fatty acid-binding protein (HFABP) is a
member of a family of binding proteins,
mainly present in skeletal and cardiac
muscle, with diverse roles in fatty acid
metabolism, trafficking, and signaling (4).
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HFABP is essential for normal myocar
dial fatty acid oxidation while serves as a
modulator of fatty acid uptake in skeletal
muscle (13). HFABP mRNA levels are
increased by testosterone administration
and in response to fasting or exercise in
heart, probably due to a higher fatty acids
oxidation rate (15). The administration of
lipopolysaccharide decreased the expres
sion levels of HFABP in heart (11), and
recent work suggests that HFABP protein
levels are a good indicator of myocardial
damage (12).

The uncoupling protein 2 (UCP2),
expressed in cardiac and skeletal muscle
among other tissues, may have a role in
metabolic efficiency and/or fat accumula
tion (8, 16). In response to fasting, UCP2
mRNA levels are increased in skeletal but
not in cardiac muscle in response to fas
ting (5), while UCP2 mRNA levels were
decreased in skeletal muscle after high-fat
feeding (3). We sought to investigate the
expression levels of these two genes
(HFABP and UCP2) in cardiac muscle of
obese (cafeteria) rats.

Materials and Methods

Animals and treatment.- Twenty Wis
tar (six weeks old) male rats, obtained
from Applied Pharmacobiology Center
(CIFA-SPAIN) were selected for this
study. The animals were housed in cages
under controlled conditions of light
(12/12 h. light/dark) and temperature (22
± 2°C). All experimental procedures were
performed according to European and
Institutional Guidelines for Animal Care
and Use at the University of Navarra
(Directiva 86/609/CEE, 18 December
1986).

Rats were assigned to two dietary
groups for 65 days, with one group (Con
trol, n > 10) fed standard laboratory pelle-
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ted diet, while the second group (Cafete
ria diet, n :::; 10) was fed a fat-rich hyper
caloric diet containing pate, chips, choco
late, bacon, biscuits and chow in a pro
portion of 4:2:2:2:2:2 as previously publis
hed (3, 7, 10). All materials were weighed
before feeding and presented in excess.
The animals were weighed daily.

Cardiac muscle and fat pads tissue were
dissected and immediately weighed after
the animals were killed by decapitation.
Samples of cardiac muscle were frozen at
-80°C for subsequent RNA extraction.

Biochemical measurements.- Serum
glucose, glycerol, triglycerides and free
fatty acids were analyzed using an Autoa
nalyzer (Cobas Roche Diagnostic, Basel,
Switzerland) by routine procedures. Plas
ma insulin was assayed by RIA using
1251-labeled insulin (Diagnostic Products
Corporation, Los Angeles, CA, USA)
with a human insulin standard.

Extraction oftotal RNA and semiquan
tification by reverse transcription-polyme
rase chain reaction (RT-PCR).-Total
RNA was isolated by the Ultraspec-II
RNA Isolated System (Biotech) from 100
mg of cardiac muscle according to a pre
viously reported procedure with some
modifications (6). After 60 min treatment
with RNase free DNase I at 37°C (Boeh
ringer Mannheim), 1 pg of RNA was used
to synthesise first-strand cDNA. The RT
reaction was carried out in a volume of 20
pI containing, 50 mM Tris-HCl (pH 8.3),
75 mM KCl, 3 mM MgCh, 10 mM dithio
treitol, 100 ng of random hexamers (Boeh
ringer Mannheim), 1 mM each dNTP
(Bioline), 20 units of RNase inhibitor
(Promega), 200 units of M-MLV (Molo
ney Murine Leukemia Virus) and incuba
ted at 37°C for 60 min. The enzyme was
inactivated by heating at 95 °C for 5 min.
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Four pl from the RT reaction were ampli
fied in a 50 pl reaction mixture containing
40 ng of each primer, 16 mM (NH4)zS04,
67 mM Tris HCI (pH 8.8), 2 mM MgClz,
0.1 % Tween-20, 0.2 mM each dNTP and
1 unit of BlOTAQ polymerase (Bioline).
Primers for UCP2, H-FABP and b-actin
were designed using the Oligo, 5.05 Pri
mer Analysis Software (National Bios
ciences, USA) and are shown in Table 1.
To ensure the linearity of PCR reactions
and to validate the cDNA quantitation,
adequate controls and standard curves
were carried out. A linear increase in PCR
product was observed when using RNA
ranging between 50 and 400 ng, all subse
quent PCR reactions were performed
using 200 ng of RNA. A second set of
PCR reactions were design to determine
the appropriate number of cycles as pre
viously reported. Semiquantitative PCR
estimates the relative amount of target
RNA to a known housekeeping gene
(~-actin) and eliminates the sample to

sample variability of the RT-step, as well
as the PCR step. cDNAs were amplified
using the following parameters concer
ning annealing and elongation conditions:
57°C for 30 sand 72 °C for 60 s during 26
cycles for HFABP, 62°C for 30 sand 72
°C for 60 s during 25 cycles for UCP2
and, 55°C for 30 sand 72 °C for 60 s
during 25 cycles for 28 cycles for b-actin.

For all primers, a first step of denaturation
was applied (95°C for 30 s) along with a
final extension step for 7 min at 72 "C.
Amplifications were linear under these
conditions and carried out in a GeneAmp,
peR System 2400 (Perkin Elmer, USA).
The amplified products were visualized in
a 1.5 % agarose gel with ethidium bromi
de. PCR bands intensity were semi-quan
tified by scanning densitometric analysis
using the Gel Doc 1000 UV fluorescent
gel documentation system and Molecular
Analyst software for quantification of
images (Bio-Rad, USA). Levels of mRNA
were expressed as the ratio of signal inten
sity for H-FABP and UCP2 relative to
that for ~-actin.

Statistical analysis.- Values are given as
the means ± SEM. The non-parametric or
parametric test were used when appropia
te to verify the difference between groups,
with a minimum significance level of
p<0.05.

Results and Discussion

Rats eating the cafeteria-diet for 65
days exhibited a significant increase in
body weight gain (145%) and fat content
(216%) at the end of the experimental trial
when compared to control animals (Table

Table I. Characteristics ot PCR tor the assessment ot gene expression levels.

Gen Primmers sequence Length Position Key

Sense 5'-CAGGAAGGTCAAGTCGGTC-3' 257-275
HFABP 229 M18034

Antisense 5'-CGTGGTGCTGAGTIAGGG-3' 451-468

Sense 5'-TAAAGCAAGTICTACACCAAGGG-3' 308-329
UCP2 360 AF03903

Antisense 5'-CGAAGGCAGAAGTGAAAGTGG-3' 667-648

Sense 5'-TCTACAATGAGCTGCGTGTG-3' 1599-1618
~-actin 314 J00691

Antisense 5'-GGTCAGGATCTICATGAGGT-3' 2376-2357
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Table II. Body weight gain, organ weight and plasma biochemical
markers in obese (cafeteria diet) and control rats.

n=10, '" p-c 0.001 vs control group.

Control Obese

Weight gain (g)
Fat pad weight (%)
Heart weight (%)
Insulin (mU/mL)
Glucose (mg/dL)
Triglycerides (mg/dL)
Fatty acids (mmol/L)
Glycerol (mmol/L)

200.4 ± 6.7
4.1 ± 0.3

0.30 ± 0.07
4.08 ± 0.30

127.51 ± 7.44
112.3 ± 13.7

0.64 ± 0.05
173.6 ± 8.9

289.7 ± 14.1'"
8.9 ± 0.8'"

0.28 ± 0.07
4.54 ± 0.84

128.5 ± 3.2
117.7 ± 14.5

0.60 ± 0.09
191.4 ± 10.3

II), however, neither plasma triglycerides,
fatty acids or glycerol were changed by
cafeteria diet. These models of dietary
obesity are very useful in the characteriza
tion of the molecular mechanisms impli
cated in human obesity, since most human
obesity is thought to occur in response to
high fat diets (2).

Our interest was to explore the influen
ce of a high fat diet on heart gene expres
sion, specifically HFABP and UCP2.
Interestingly, we found a significant
reduction of about 75% in HFABP
mRNA levels of obese rats compared to
control (Fig. 1). It has been reponed that
HFABP levels parallel lipid oxidation in a

number of situations. HFABP deficient
mice exhibit a severe defect of peripheral
long-chain fatty acids utilization, while
HFABP expression levels are increased in
response to fasting, corresponding to a
higher oxidation status (13). In our model,
the downregulation of HFABP expres
sion levels may account for lipid accumu
lation.

In regard to UCP2, we also obtained
that obese rats had lower cardiac muscle
UCP2 expression levels (-65%) compared
to control animals (Fig. 1). The UCP2
function is not totally understood and a
variety of factors have been showed to
modify UCP21evels in a tissue-dependent
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Fig.I. Effect of the cafeteria diet on heart gene expressionof HFABP and UCP2 (A). Correlation between
HFABP and UCP2 mRNA levels (B).

Gene expression is referred as f3-actin levels. ***p < 0.001.
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way. UCP2 is upregulated by leptin in
adipose tissue and pancreatic islets and,
thyroxin administration increased UCP2
in cardiac and skeletal muscle (8,16). Boss
et al. showed that cold exposure increased
UCP2 mRNA in heart and BAT, while
fasting had no effect on UCP2 mRNA
expression (5). In response to fasting,
UCP2 is also increased in skeletal but not
in cardiac muscle (5). In neonatal cardio
myocytes, fatty acids promoted UCP2
expression, although UCP2 mRNA levels
in the adult heart were less sensitive to
changes in cardiac fatty acid handling (14).
In skeletal muscle, UCP2 expression was
downregulated in diet-induced obese rats
(3).

In our study we showed that the heart
expression levels of HFABP and UCP
were highly correlated in obese and con
trol animals, suggesting that their expres
sions may be controlled by the same
mechanism. Similarly, MARGARETa et al.
(9) found also a statistically significant
correlation between FABP (ap2), UCP3
and PPARy mRNA levels in white adipo
se tissue from control and obese animals.

Since the nuclear receptor peroxisome
proliferator-activated recpetor gamma
(PPARy) controls the expression of seve
ral fat-related genes, it may also regulate
the expression of HFABP and UCP2 in
heart.

We conclude that dietary obesity in rats
is accompanied by a down-regulation of
cardiac HFABP and UCP2 gene expres
sion. Additional experiments will be
necessary to further characterize the effect
of high fat diets on heart function.
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La proteina de union de acidos grasos
(HFABP) y la protefna desacoplante (UCP2)
presentes de forma abundante en el miisculo
cardiaco podrian tener un papel importante en
el balance energetico y/o en la oxidacion de las
grasas. Con el objetivo de estudiar si la obesi
dad altera la expresion de genes en el corazon,
se evahian los niveles de expresion de la UCP2
y de HFABP en musculo cardiaco de rata
mediante un modelo de obesidad inducida por
dieta de cafeteria. Los animales se alimentan
con la dieta de cafeteria durante 65 dias, mos
trando un aumento significative en la ganancia
de peso y en la masa grasa total en relacion con
el grupo control. Los niveles de expresion de la
protefna de union de acidos grasos especffica y
de la protefna desacoplante 2 disminuyen sig
nificativamente (75% y 65% respectivamente)
en el musculo cardiaco de animales obesos, 10
que podrfa estar relacionado con una menor
utilizacion de grasas. Adernas, los niveles de
expresi6n de ambos genes se correlacionan sig
nificativamente en animales obesos y control,
10 que sugiere la existencia de un identico
mecanismo nuclear para el control de la expre
sian.

En resumen, la alimentacion rica en grasa
parece disminuir los niveles de expresion de la
HFABP y de la UCP2 en el musculo cardiaco
de rata.

Key words: Dieta de cafeteria, UCP2, HFABP,
Corazon.
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