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ABSTRACT

The visualization of symmetric structure by [;sF]-FluoroDeoxyGlucose-Positron Emission Tomography (FDG-PET),
corresponding to adipose density in computed tomography (CT), has led to the idea that Brown Adipose Tissue (BAT)
could be present in adult human. This article studies the FDG uptake in a mice model deficient on Uncoupling Protein 1
(UCP1), in a simple thermal activation protocol. Methods. FDG were injected in mice, control and knock out (K.O.)
for the UCP1. Before imaging mice were placed either in cold or warm environment. BAT uptake was evaluated by
ratio named RISC. Results: In warm condition, mean value of the Ratio of Inter-Scapular uptake (RISC) was 1.34 +/—
0.27. After cold exposure, RISC increased 2 fold for control mice, male K.O. did not increase their RISC, female K.O.
increased their RISC up to 2.45. Conclusion: Our study brought a further confirmation that FDG-PET visualised acti-
vated Brown Adipose Tissue. It gives a direct proof of the role of UCP1 in this process. The FDG uptake by cold fe-
male K.O. mice was unexpected.
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1. Introduction BAT [5]. In 2002 Hany and co-workers hypothesized the
presence of BAT to explain symmetrical [,gF]-fluoro-
DeoxyGlucose FDG uptake in neck and upper chest re-
gions in Positron Emission Tomography (PET) [6]. Re-
cently, Cypess €t al. gave the first histological correlation
of the presence of BAT, UCP1 expression and FDG-PET
uptake [7]. And Van Marken et al. demonstrated FDG
uptake in healthy men [8].

This paper studied mice deficient in UCP1 to give a
direct proof of the correlation between activated BAT,

Knowledge in human physiology and medicine is rapidly
changing. Recently our vision on the Brown Adipose
Tissue (BAT) has dramatically changed. BAT was first
described in marmot by Konrad Gessner in 1551 [1]. It is
a tissue specialised in heat production, which does not
involve shivering. In rodents and hibernating mammals,
BAT is localized in the neck area, between the scapulae
[2]. Its biological landmark is the Uncoupling Protein 1
(UCP1) which has been discovered in the late 70s [3]. Its

complete structure was elucidated in the late 80s. This
protein decreases the proton gradient generated in the
mitochondrial membrane by the oxidative phosphoryla-
tion [4]. It thus allows heat generation without shivering.
Although BAT was recognized in rodents and hibernat-
ing mammals for a long time, its role in the human body
was largely underestimated. For example, just 10 years
ago, it was assumed that adult human have essentially no
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UCP1 and FDG-PET uptake. We compared normal and
UCP1 deprived mice, in cold and warm atmosphere by
studying their FDG-PET uptake.

2. Methods
2.1. Mice

This study followed the institutional guidelines for the
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manipulation of mice which are in accordance with the
National Institutes of Health guidelines. All the mice
were manipulated by a fully licensed staff (Pierre Legras)
and the approval from the animal care committee had
been obtained beforehand.

The strain used was C57BL aged 10 weeks and more,
for a mean weight of 30 grams. UCP1 knock out mice
were obtained by Pr D. Ricquier following a gift by Dr
Leslie Kozak [9]. During the study mice were grown in
our institution animal ward (SCAHU: service commun
d’animalerie hospitalo-universitaire d’Angers). Each
experiment involved 5 to 10 mice.

2.2. BAT Activation and Deactivation Protocol

To initiate BAT activation, the mice were placed in a
cold environment. For this purpose, we placed the ani-
mals at 4°C (fridge) during 4 hours before FDG injection.
This model has been already validated in rats and mice
[9].

Warm environment was realized by a heating bulb. For
a total BAT deactivation a temperature over the thermal
neutralization must be reached. The thermal neutraliza-
tion temperature is the temperature that is sufficient to
deactivate BAT. For mice it is 30°C - 32°C. In our ex-
periment we raised the environment temperature to 39°C
and maintained it for 4 hours.

2.3. FDG Injection

Preliminary experiments were realized to compare im-
ages after FDG injection intravenously and intra-peri-
toneally. The experiments showed that vein puncture in
black fur mice, is a difficult task, and it leads to the risk
of vein rupture and inconsistent results. The easiness of
the intra-peritoneally puncture, and its high reproducibil-
ity, were retained as the preferable way to inject FDG.
Each mouse received 3 MBq of FDG in 0.05 ml saline
buffer. After the FDG injection, mice were replaced in
the same cold or warm environment as previously set, for
one hour before imaging.

Each mouse was given 20 minutes before the images
acquisition, 0.3 ml of sodique thiopental 1 g (final dilu-
tion 5 mg/ml in NaCl 0.9%) to keep quiet during the im-
ages acquisition.

2.4. TEP/TDM Acquisition Praotaocol

Images were obtained, in our clinical PET/CT (General
Electric, Discovery ST). 3D mode acquisition was real-
ized by one 15 cm step of 15 mn. Sleeping mice were
placed on the examination table for data acquisition.
Helical CT was performed (80 KV, 20 mAs) to provide
data for attenuation correction of PET image and ana-
tomical landmarks. PET images were reconstructed with
3.3 mm thick slices, with a field of view of 20 x 20 cm.

Copyright © 2013 SciRes.

Images were visualized in an ADW 4.2 image station
(General Electric).

2.5. Uptake

The intensity of uptake was measured by the ratio of the
number of true coincidences counted in an area (of 235
pixels) between the scapulae, over the number of counts
obtained in a cerebellum area (of 175 pixels). This ratio
is called RISC for Ratio of Inter-Scapular uptake scaled
by cerebellum uptake.

2.6. Statistical Analysis

Data were computed in the STATVIEW software. Mean
values between the different sets of measurements were
compared by a standard Student t-test for the analysis of
univariate variance (ANOVA) with a p < 0.05. A non
parametric Kruskall-Wallis test with Dunns post test was
also performed. Significance or not were found in accor-
dance by both tests in our results.

3. Results

Visually, mice exposed to a cold environment present a
strong hyper-metabolism of their BAT localized between
the scapulac. A moderate hyper-metabolism is also seen
around the aorta and in the para-vertebral area (Figure 1).
Figures 2-4 illustrate and Table 1 specifies our results.

3.1. Control Mice

In a warm environment, which is for a temperature over
the thermal neutrality, only faint activity is measured
between the scapulae. RISC of 1.19 + 0.33 for male mice
and RISC of 1.27 + 0.15 for female mice were measured.

At the opposite, mice exposed to a cold environment,
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Figure 1. 1sFDG-PET Images of control mice in warm and
cold environments. Note the high Inter-Scapular uptake in
cold environment.
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exhibit an elevated RISC. A mean RISC of 2.41 +/— 0.5
for male mice and 2.92 +/— 0.89 for the female mice
were measured.

3.2. UCP1 Deficient Mice

In warm condition, only a faint Inter-Scapular metabo-
lism was measured. RISC of 1.58 £ 0.3 for male mice
and of 1.35 £ 0.06 for female mice was measured.

In cold environment, as expected, male K.O. mice
presented a faint Inter-Scapular metabolism with mean
RISC values measured to 1.57 +/— 0.3.

Female K.O. mice presented an elevated RISC value
measured to 3.58 +/— 1.59. The mean increase between
warm and cold environment was 2.65 (p < 0.01) for the
female K.O.
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Figure 2. RISC: Ratio of Inter-Scapular FDG uptake, for
male mice, in cold (blue) and warm (red) environment.

Table 1. RISC Ratio of Inter-Scapular uptake.

Control K.O.
3 ? ) ?
1.19+£033 1.27+0.15 1.58+0.3 1.35+0.06
Warm
n=7 n=>5 n=>5 n=>5
Cold 241+0.5 2.92+0.89 1.57+£0.3 3.58+1.59
n=>5 n=6 n=6 n=10

3.3. Comparison Control versus Deficient

In a warm environment no difference were found be-
tween control mice and deficient mice, either male or
female.

No difference was noted between male deficient mice
placed in cold or warm environment.

A small RISC increase (22%) was seen between fe-
male control mice and female deficient mice, but this
increase, is not statistically significant.
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Figure 3. RISC: Ratio of Inter-Scapular FDG uptake, for
female mice, in cold (blue) and warm (red) environment.
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Figure 4. RISC: Ratio of Inter-Scapular FDG uptake, mean
and standard deviation. C: control; KO: UCP1 deficient;
blue: cold environment; red: warm environment.

4. Discussion

The discussion will be cut in two parts, the results ob-
served in mice, and the repercussion that one might ex-
trapolate to humans.

4.1. For the C57BL Mice

Our study adds another confirmation that FDG-PET
really visualizes activated BAT. The known anatomy of
the BAT in mice, and the predictable behaviour of the
control mice when exposed to warm or cold environment,
is a strong argument in favour of this hypothesis. To our
knowledge, the comparison involving UCP1 K.O. mice
was not realised before. The low uptake observed in
UCPI-deficient male mice after cold exposure, confirm
the link between FDG-PET uptake and activation of
BAT.
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The fact that female UCP1 deficient mice activate
their BAT when placed in a cold environment was unex-
pected. Enerback et al. [9] observed a partial deficiency
on thermoregulation in 41 of the same strand homozy-
gous mice. Among this set 85% percent were cold sensi-
tive the proportion of male was 56%. These authors also
observed that these mice were not obese, even after
high-fat diet. These observation and ours suggest that
another protein that the UCP1 is involved in the heat
production in mice. The participation of an UCP type
protein, different from the UCP1 may be suggested to
explain the strong hyper-metabolism observed among
deficient female mice in cold environment. Enerbéck and
al have shown that in the same homozygous mice, UCP2
mRNA from BAT is increased compared to heterozygous
mice. In Enerbéck study no gender or age difference was
observed in the thermoregulation deficiency. More works
will be necessary to explain the difference, between
FDG-PET uptake in cold environment and thermoregula-
tion efficiency.

4.2. Consequence for Humans

Although a straight extrapolation to human of results
observed in mice may expose to errors, it is a known fact
that mammals share a lot of common traits. The proof
that BAT is present in the human adult and its relation to
FDG-PET uptake, has recently emerged with histological
proof [7]. What our results confirm is that FDG-PET
visualizes activated BAT and does not visualize non ac-
tivated BAT.

This fact implies that the presence of BAT in adult is
largely underestimated by the sole percentage of FDG-
PET positive scan. Cypess [7] found a prevalence of ac-
tivated BAT of 3.1% in men and 7.5 % in women. They
also show a slight but convincing inverse correlation bet-
ween prevalence and outdoor temperature. Recently
Ouellet et al. [10] visualized BAT in all the six healthy
men studied, placed in cold environment.

All this results emphasizes on the high prevalence of
BAT in human adult.

To avoid image of activated BAT which may lead to
interpretation difficulties in FDG-PET examination, a
simple protocol with heating blankets may be discussed.
Although beta blockers have been proposed and have
shown there efficacy, placing the patient in a warm en-
vironment is simpler and may present less side-effects.

Finally the role of UCPs type protein, in energy bal-
ance and thermoregulation, can be linked with several
pathological states. To name but a few, obesity, diabetes,
cachexia and fever have been told to be linked with UCP
family. FDG-PET may then play an important role by
visualizing activated Brown Adipose Tissue in patient or
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experimental subject.

5. Conclusion

This study gives another proof of the correlation between
UCPI, BAT and FDG-PET uptake. It underlines the fact
that only activated BAT can be visualized by FDG-PET
uptake. Finally it discovers an unexpected gender differ-
ence in BAT thermoregulation and raises the participa-
tion of others protein than the UCP1 in female mammals.
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