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Brown adipose tissue (BAT) is responsible for adaptive thermogenesis. We previously showed that genetic deﬁciency of
receptor for advanced glycation end products (RAGE) prevented the effects of high-fat diet (HFD). This study was to
compare BAT activity in RAGE knock out (Ager-/-, RKO) and wild-type (WT) mice after treated with HFD or LFD.
[18F]FDG PET-CT imaging under identical cold-stimulated conditions and mean standard uptake values (SUVmean), ratio of
SUViBAT/SUVmuscle (SUVR, muscle as the reference region) and %ID/g were used for BAT quantiﬁcation. The results
showed that [18F]FDG uptake (e.g., SUVR) in WT-HFD mice was signiﬁcantly reduced (three-fold) as compared to that in
WT-LFD (1.40 ± 0.07 and 4.03 ± 0.38; P = 0.004). In contrast, BAT activity in RKO mice was not signiﬁcantly affected
by HFD, with SUVRRKO-LFD: 2.14 ± 0.10 and SUVRRKO-LFD: 1.52 ± 0.13 (P = 0.3). The uptake in WT-LFD was almost
double of that in RKO-LFD (P = 0.004); however, there was no signiﬁcant difference between RKO-HFD and WT-HFD
mice (P = 0.3). These results, corroborating our previous ﬁndings on the measurement of mRNA transcripts for UCP1 in
the BAT, suggest that RAGE may contribute to altered energy expenditure and provide a protective effect against HFD by
Ager deletion (Ager -/-).
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Abbreviations: BAT, brown adipose tissue; UCP1, uncoupling protein 1; RAGE, receptor for advanced glycation end
products; HFD, high-fat diet; LFD, low-fat diet; WT, wild type; RKO, RAGE knock out; Ager -/-, Ager deletion; iBAT,
interscapular BAT; SUVmean, mean standard uptake values; SUVR, ratio of SUViBAT/SUVmuscle; ID/g, injected dose per
gram; b3-AR, b3-adrenergic receptors; IRW, Inveon research workplace; DIO, diet-induced obesity

1. Introduction
In humans, adipocytes play a key role in the regulation of
whole body energy homeostasis. To maintain such an energy
balance, there are two major types of adipocytes: white adipose tissue (WAT, responsible for energy storage, such as in
the form of lipids) and brown adipose tissue (BAT, dissipates
and expends energy for non-shivering and adaptive thermogenesis) (Zhuang et al. 2001; Chavakis et al. 2004; Cypess
and Kahn 2010; Virtanena and Nuutila 2010; Nedergaard and
Cannon 2013; Bartelt and Heeren 2014; Cao et al. 2014; Lau
et al. 2015; Thoonen et al. 2016). In addition to heat balance,
BAT not only acts as an endocrine organ by signaling multiple tissues after adipokine secretions (Cairo et al. 2016), but
it also plays an important role in insulin resistance,
http://www.ias.ac.in/jbiosci

hyperlipidemia, obesity and cancers such as breast and
prostate cancers (Ishiguro et al. 2005; Cao et al. 2014; Bao
et al. 2015). BAT is located in high density in the supraclavicular region in humans (Nirengi et al. 2015, 2016) and
the interscapular region in rodents (iBATmice & 200 mg;
sampled after dissection) (Walden et al. 2012; de Jong et al.
2015). Histological studies have shown that BAT activity is
functionally controlled by mitochondrial inner membrane
uncoupling protein 1 (UCP-1) triggered by b3-adrenergic
receptors (b3-AR), which is activated by norepinephrine
present in sympathetic nerves. Subsequently, the high
expression of UCP1 leads to mobilization of triglycerides
after lipolysis from WAT to BAT; thus, heat is produced after
uncoupling the electron transport chain (aerobic respiration)
from oxidative phosphorylation (Zhuang et al. 2001;
1
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Chavakis et al. 2004; Cypess and Kahn 2010; Virtanena and
Nuutila 2010; Nedergaard and Cannon 2013; Bartelt and
Heeren 2014; Cao et al. 2014; Lau et al. 2015; Thoonen et al.
2016). Thence, the activated BAT can clear 75% glucose and
50% triglycerides from blood after burning of triglycerides
powered by glucose (Gifford et al. 2016).
There are several factors that affect BAT metabolism, such as
gender, age, cold exposure (Mirbolooki et al. 2011; Lim et al.
2012; Hwang et al. 2015; Ding 2016), anesthesia (Tatsumi et al.
2004), intake of the b3-AR inhibitor (e.g., propranolol) (Tatsumi et al. 2004), body-mass index, fasting and stimulation of
pancreatic insulin (Zhuang et al. 2001). In addition to these,
another essential contributor to the activity of BAT is receptor
for advanced glycation end products (RAGE). RAGE is a
multi-ligand receptor comprising three-main domains: one
V-type (where ligand binds), two C-types and one cytosolic tail,
responsible for intracellular signaling during RAGE-activation
(Chavakis et al. 2004). This receptor shows low expression in
normal tissues but is upregulated and highly expressed in
RAGE-expressing tissues such as immune cells, adipose tissues
and liver (Song et al. 2014). During the intake of a high-fat diet
(HFD), the production and the increased accumulation of
advanced glycated end products in metabolic tissues lead to the
inﬂammations that ultimately result in complications such as
diabetes mellitus, obesity, adiposity, reduced thermogenesis,
low-metabolic rate and neurodegenerative and cardiovascular
diseases (Chavakis et al. 2004; Song et al. 2014).
It is known that glucose functions as a fuel in both adaptive
and non-shivering thermogenesis by BAT (Hull and Segall
1965; Himms-Hagen 1990); thus, [18F]FDG, a glucose analogue, represents a potential tracer to study BAT activity. We
and others have previously performed successful preclinical
and clinical studies using [18F]FDG as a radiotracer for BAT
quantiﬁcation with positron emission tomography (PET) (Hull
and Segall 1965; Lin et al. 2012; Wang et al. 2012; Azhdarinia
et al. 2013; Borga et al. 2014). The results revealed that, in both
humans and rodents, [18F]FDG could quantitate BAT reliably
under mild cold stimulations (Hull and Segall 1965; Lin et al.
2012; Wang et al. 2012; Hwang et al. 2015; Ding 2016).
Our previous study demonstrated that genetic deﬁciency
of RAGE prevented the effects of HFD on adipose tissue
inﬂammation, obesity and insulin resistance (Song et al.
2014). The aim of the present study was to directly compare,
via in vivo PET imaging, the BAT activity in RAGE null and
wild-type (WT) mice in response to different diet conditions;
i.e., to characterize the uptake of [18F]FDG in the BAT of
RAGE-deﬁcient mice (RKO, RAGE knock out, Ager -/-) vs
WT mice, under HFD and low-fat diet (LFD) conditions.

2. Materials and methods
2.1

Preparation of animals

Homozygous RAGE null mice (C57BL/6 Ager-/- mice
backcrossed [ 20 generations into C57BL/6J) and their

littermate RAGE-expressing controls (C57BL/6J, WT) (The
Jackson Laboratory, Bar Harbor, ME) were used. All mice
studied were male, had free access to water, and were subjected to 12 h light/dark cycles. At 6–8 weeks of age, mice
were fed a HFD with 60% of calories from lard (D12492;
Research Diets, Inc., New Brunswick, NJ) or a LFD with
13% of calories from fat (5053 PicoLab Rodent Diet 20;
LabDiet, Brentwood, MO) for 2 months before imaging. All
animal procedures were approved by the New York
University Medical School Institutional Animal Care and
Use Committees and performed in accordance with the
National Institutes of Health Animal Care Guidelines.

2.2

PET/computed tomography(CT) imaging

All animals were fasting for at least 4 h before scans. Before
imaging, mice were anesthetized with isoﬂurane (2–3%) and
cannulated in tail vein using home-made cannulas that were
prepared using 30 G needles (Exel International Hypodermic) and 200 tubing (IntramedicTM PE Tubing, 0.01100 ID).
Mice were then taped in a ﬂat, prone position with arms at
sides in a home-made mouse holder.
A high-resolution micro PET/CT system (Siemens,
Inveon) was used for imaging. The mouse was wrapped with
a cold-pack (108 g of cooling gel, 4°C) and placed under
isoﬂurane anesthesia on the bed of the scanner for 30 min
before injection (and continuously under cold stimulation
during the entire scan). [18F]FDG (300–400 lCi in 200 lL
of saline) was injected, which was chased with another 200
lL of saline. All intravenous tail-vein injections via cannulas
were performed right before the initiation of the dynamic
PET acquisition. After the PET dynamic acquisition (60
min), CT acquisition (6 min) was carried out for attenuation
correction and co-registration. The PET histogram was then
created followed by PET reconstruction using the OSEM2D
algorithm.

2.3

Data analysis

PET image data were analyzed using an Inveon research
workplace (IRW, Siemens). The investigators responsible for
data analysis were blinded to which animals represent control and experiment groups. The values of [18F]FDG uptake
using different parameters such as standard uptake values
(SUV) or %injected dose per gram (%ID/g) for uptake in
interscapular BAT (iBAT) (regions of interest, ROIs) were
determined.
For PET datasets, SUV by body weight was used for the
quantiﬁcation based on the time-activity data (see the
Results section).
SUV ¼

average activity in ROI ðBql=mLÞ
 subject weight ðgÞ
injected dose ðBqlÞ
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The quantity of %ID/g is a measure of the proportion of
the injected dose within the area that is selected. For
example, if 10 MBq of activity is injected into the subject,
and a particular ROI had an average intensity value of 1
MBq/mL, the %ID/g value for that ROI would be 10%.
To eliminate inter-subject variations, a reference region
(muscle) was chosen and ratios of SUViBAT to SUVmuscle
(SUVR) were calculated. ROIs were drawn using the same
volume for both iBAT and muscle for each study animal.
The time–activity curves of %ID/g and SUV for each ROI
from each mouse were then obtained from the IRW.

2.4

Statistical analysis

All parameters for each group were averaged and expressed as
mean ± SEM. Statistical analyses were performed using SPSS
(IBM SPSS version 20). Normality tests were performed on
each measurement. Between-group comparisons were performed using unpaired t-tests (assumes normality for differences), as well as non-parametric Mann–Whitney U tests (not
assumes normality for differences) (p value of \0.05 is considered statistically signiﬁcant). One-way ANOVA (comparing three or more groups) or two-way ANOVA (ordinary twoway ANOVA, not repeated measures) was also performed.

3. Results
Time–activity curves (%ID/g, SUV and SUVR) for four subgroups of mice (RKO-LFD, RKO-HFD, WT-LFD and WTHFD), plotted along with the corresponding SEM values, are
shown in ﬁgure 1. All measurements (%ID/g, SUV and
SUVR) peaked within the ﬁrst few time frames (0–5 min),
decreased gradually from 10 to 20 min, and then reached a
plateau after 30 min (ﬁgure 1a–c (display only the late time
frames when the values reached a plateau)). Each measurement (%ID/g, SUV and SUVR) was then quantitated in
three-different ways based on the time–activity data: (a) as a
direct average from the entire 60 min (DtAvg); (b) as a direct
average from frames 30–60 min (DtAvg_f30–60, when the
values reached a plateau; i.e., pseudo-equilibrium state); or
(c) as weighted averages of the entire dynamic study
(WtAvg, i.e., each measurement from a speciﬁc time frame
was multiplied by the duration of the time frame. Summing
all these measurements, followed by dividing by the entire
duration of all frames, afforded the weighted averages).
These results are tabulated in table 1 (n = 6 for each group).
Using unpaired t-tests (assumes normality for differences)
or non-parametric Mann–Whitney U tests (does not assume
normality for differences), or ANOVA (one-way or twoway), the outcome for group comparisons were similar.
The trend for %ID/g observed among all four sub-groups
was, for example, RKO-LFD (2.42 ± 0.26) C RKO-HFD
(2.21 ± 0.18) C WT-HFD (1.86 ± 0.34) C and WT-LFD
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(1.64 ± 0.30) (table 1, ID-g_WtAvg). There was no significant difference in %ID/g in comparison with any two
groups (WT-HFD vs. WT-LFD: P = 0.5; RKO-LFD vs.
RKO-HFD: P = 0.5; WT-LFD vs. RKO-LFD: P = 0.5;
RKO-HFD vs. WT-HFD: P = 0.3) (ﬁgure 2a).
In SUV comparison within the same strain groups, HFD
made a signiﬁcant impact on WT mice with a signiﬁcantly
lower uptake of [18F]FDG in iBAT of WT-HFD (SUV: 0.48
± 0.03) than that of WT-LFD (SUV: 1.59 ± 0.16)
(P = 0.004). In contrast, HFD had no signiﬁcant impact on
the [18F]FDG uptake in iBAT of RKO mice, with SUV
values of 0.62 ± 0.05 and 0.92 ± 0.06 for RKO-HFD and
RKO-LFD, respectively (P = 0.3) (table 1, SUV_WtAvg_BAT, and ﬁgure 2b). A similar trend was also obtained for
the SUV_DtAvg_f30-60_BAT measurement (table 1).
To eliminate inter-subject variations, a reference region
(muscle) was chosen and SUVR were calculated. We found
that SUVR_DtAvg_f30_60 and SUVR_WtAvg provided
similar statistical outcomes with similar signiﬁcance levels
(p values) for most group comparisons.
As shown in table 1, the uptake of [18F]FDG in muscle
was lower than that in iBAT, and close to constant for all
four groups (&0.4), suggesting that muscle is a suitable reference region. In intra-group comparison, the SUVR
values derived from SUVR_WtAvg showed an almost threefold higher uptake in WT-LFD (4.03 ± 0.38) than in WTHFD (1.40 ± 0.07) (P = 0.004), suggesting high-adipose
tissue inﬂammation in the presence of RAGE in WT. In
contrast, the RKO-HFD had only slightly reduced uptake of
[18F]FDG in iBAT than RKO-LFD (SUVRRKO-LFD: 2.14 ±
0.10, SUVRRKO-HFD: 1.52 ± 0.13), which did not reach a
signiﬁcant difference (P = 0.3) (table 1, SUVR_WtAvg)
(ﬁgure 2c). In inter-group comparison, under LFD conditions, the uptake of [18F]FDG in iBAT of WT-LFD control
mice (SUVRWT-LFD: 4.03 ± 0.38) was almost double than
that in RKO-LFD (SUVRRKO-LFD: 2.14 ± 0.10)
(P = 0.004), whereas under HFD conditions, the uptake of
[18F]FDG in iBAT is similar for both groups (SUVRRKOHFD: 1.52 ± 0.13, SUVRWT-HFD: 1.40 ± 0.07) (P = 0.3)
(table 1) (ﬁgure 2c). A similar trend was observed when
comparing the SUVR values derived from SUVR_DtAvg_f30-60 min (average from frames 30–60 min) (table 1,
SUVR_DtAvg_f30-60 min) where the SUVR values reached
the steady state (see ﬁgure 1c, time–activity curves of
SUVR). PET/CT images for the [18F]FDG uptake in iBAT of
four sub-groups of mice (RKO-LFD, RKO-HFD, WT-LFD
and WT-HFD) reﬂected these quantitative data and were
consistent with these ﬁndings. A set of representative images
are presented in ﬁgure 3a–d.

4. Discussion
In our previous work (Song et al. 2014), we showed that
Ager genotype had no effect on weight gain under a LFD
(i.e., similar body weight between RKO-LFD and WT-LFD
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Figure 1. Time–activity curves for four sub-groups of mice: (a) % ID/g in iBAT, (b) SUViBAT and SUVmuscle and (c) SUVR (SUViBAT/
SUVmuscle) (display only the late time frames when the values reached a plateau).
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Table 1. Quantitative uptake values (%ID/g, SUV, or SUVR) in four sub-groups of two strains of mice (WT and RKO) under HFD or
LFD conditions
RKO-LFD
ID-g_DtAvg
ID-g_DtAvg_f30-60
ID-g_WtAvg
SUV_DtAvg_BAT
SUV_DtAvg_f30-60_BAT
SUV_WtAvg_BAT
SUV_DtAvg_MUS
SUV_DtAvg_f30-60_MUS
SUV_WtAvg_MUS
SUVR_DtAvg
SUVR_DtAvg_f30-60
SUVR_WtAvg

3.23
2.12
2.42
0.95
1.01
0.92
0.44
0.48
0.43
2.18
2.09
2.14

±
±
±
±
±
±
±
±
±
±
±
±

0.41
0.03
0.26
0.07
0.04
0.06
0.02
0.03
0.01
0.08
0.04
0.10

groups). In contrast, RAGE-deﬁcient mice were protected
from the weight gain experienced by WT mice when fed
with a HFD; i.e., there was considerable gain in weight over
6 weeks for WT-HFD mice, but not for RKO-HFD mice.
These results suggest that RAGE may play a role in dietinduced obesity (DIO) through, in part, its ability to modulate energy expenditure.
To test this hypothesis, we conducted a PET imaging
study on BAT, a molecular target that is responsible for
adaptive thermogenesis and energy expenditure. Although
quantitative assessment and metabolic imaging of BAT using
[18F]FDG with PET have been previously reported (Tatsumi
et al. 2004; Mirbolooki et al. 2011; Lim et al. 2012; Hwang
et al. 2015; Ding 2016), the contribution of RAGE to DIO
through the energy expenditure pathway has not been
investigated with PET.
In order to study BAT activity/thermogenesis in mice, cold
stimulation (4°C) was applied to all in vivo PET/CT scans
since quantiﬁcation of the [18F]FDG uptake in iBAT is more
reliable under mild cold conditions based on previous
studies (Hull and Segall 1965; Tatsumi et al. 2004; Mirbolooki et al. 2011; Lim et al. 2012; Lin et al. 2012; Wang
et al. 2012; Hwang et al. 2015; Ding 2016). The goal of this
study was to investigate the impact of the RAGE receptor on
BAT activity under different diet conditions. For proof-ofconcept purposes, we compared the BAT activity under
identical imaging conditions between two strains of C57/
BL6 mice, WT (control mice with RAGE receptor) and
RAGE knock out (Ager deletion, Ager -/-, RKO), under
different diet types: WT-LFD, WT-HFD, RKO-LFD and
RKO-HFD.
In mice, BAT tissues are located in several regions, among
which predominantly are iBAT (&200 mg), cervical BAT
(cBAT & 50 mg) and axillary BAT (aBAT & 100 mg), as
quantiﬁed via tissue sampling based on literature reports
(Walden et al. 2012; de Jong et al. 2015). iBAT is the largest,
deposited as two-symmetric lobes above the shoulder blades
in rodents (Walden et al. 2012; de Jong et al. 2015), and is

RKO-HFD
3.29
2.01
2.21
0.88
0.53
0.62
0.43
0.43
0.41
2.09
1.22
1.52

±
±
±
±
±
±
±
±
±
±
±
±

0.39
0.07
0.0.18
0.11
0.01
0.05
0.02
0.02
0.01
0.28
0.04
0.13

WT-LFD
3.23
1.20
1.64
3.28
1.35
1.59
0.44
0.45
0.40
7.60
2.99
4.03

±
±
±
±
±
±
±
±
±
±
±
±

0.70
0.08
0.30
0.19
0.06
0.16
0.01
0.03
0.01
0.49
0.09
0.38

WT-HFD
2.81
1.59
1.86
0.74
0.4
0.48
0.39
0.37
0.35
1.99
1.09
1.40

±
±
±
±
±
±
±
±
±
±
±
±

0.45
0.03
0.34
0.05
0.02
0.03
0.04
0.02
0.02
0.16
0.07
0.07

equally visualized as the BAT in the supraclavicular region
in humans (Tatsumi et al. 2004; Mirbolooki et al. 2011; Lim
et al. 2012; Hwang et al. 2015; Ding 2016). In our study, we
observed predominantly uptake in iBAT in all mice (aBAT
and cBAT have negligible or no uptake), which is consistent
with the literature (Tatsumi et al. 2004; Mirbolooki et al.
2011; Lim et al. 2012; Hwang et al. 2015; Ding 2016).
The values of %ID/g, SUV and SUVR are shown in
table 1 as a direct average of the entire scan (DtAvg), or a
direct average from frames 30 to 60 min (DtAvg_f30-60), or
weighted averages (WtAvg) of the entire dynamic study. As
indicated in table 1 and ﬁgure 2a, RKO mice seem to have
higher %ID/g values than those of WT mice, suggesting that
RKO mice may have higher BAT mass; however, this difference did not reach signiﬁcance.
Conventionally, SUV values of [18F]FDG provide an
index for BAT activation. In the time–activity curves shown
in ﬁgure 1b, we noticed that there was a signiﬁcantly higher
uptake during the initial time frames in WT-LFD mice (all
six mice) as compared to the other three groups of mice.
That is, all six WT-LFD mice have an initial SUV at a range
of 11–12, as compared to *2 for initial SUV for all mice in
the other three groups. The rationale for this phenomenon is
not clear. It may be due to a fast blood ﬂow and fast tracer
delivery that resulted in a higher initial SUV in WT-LFD
mice. Potential interruption or hindrance in blood vessels
could be, in part, the explanation for a slower blood ﬂow in
the genetically manipulated RKO mice or the WT-HFD
mice.
For these reasons, SUVR with a reference region
approach was used as the index for comparison to reduce the
potential confounding effect due to the blood ﬂow. Further,
as for most PET imaging data analysis, the results are in
general less variable when a reference region is used, e.g.,
distribution volume ratio (DVR; ratio of DVROI to DVref) or
SUVR (SUV ratio; ratio of SUVROI to SUVref), as compared
to the DV or SUV values derived from speciﬁc ROIs (Innis
et al. 2007; Borga et al. 2014; Hwang et al. 2015; Ding
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2014) due to its high expression in BAT. No study has
directly linked BAT activities with the UCP1 mRNA and
UCP1 protein. The results on changes in UCP1 mRNA and
UCP1 protein content in response to a HFD in mice and rats
were varied (sometimes even opposite) when comparing
different temperatures, strains, etc. (Fromme and Klingenspor 2011; Nedergaard and Cannon 2013). Nedergaard et al.
also established an apparent lack of relationship between
UCP1 mRNA levels and UCP1 protein levels after a long
period of acclimation to cold (30 days at 4°C). It was suggested that UCP1 protein levels are probably regulated pretranslationally; thus, the time delay obscures their change
within the ﬁrst few hours of cold exposure, as compared to
the changes in UCP1 mRNA levels.
We have previously measured mRNA transcripts for
UCP1 in the brown-adipose tissue of WT and RAGE null
mice fed HFD vs LFD (Song et al. 2014). The mouse
strains (WT and RAGE null), gender (all males), housing
conditions, diet-treatment conditions (HFD or LFD) and the
age during which the measurements were conducted, were
identical between the previous and the present studies. In
our present BAT imaging study design, animals were
exposed to cold for less than 2 h and the study was conducted under the exact same cold stimulation conditions for
all four groups. Although UCP1 mRNA might be slightly
increased with cold, this effect may not be an issue for our
direct comparison among the four study groups, or for the
correlation between the measurement of BAT activity (via
PET in the present study) and the transcripts of UCP1
mRNA in BAT (our previous study (Song et al. 2014)) for
four study groups since the same experimental conditions
were applied to four groups for both studies. Interestingly,
excellent correlations were found between the transcripts of
UCP1 mRNA in BAT measured previously (ﬁgure 4)
(Song et al. 2014) and the BAT activity measured with
PET, especially when weighted averages SUVR for an
entire dynamic study were used for correlations, as summarized in table 2.
(1)

Figure 2. Bar graphs showing relative values (weighted average)
of uptake in iBAT for: (a) %ID/g, (b) SUViBAT and (c) SUVR
(SUViBAT/SUVmuscle) in four sub-groups of mice.

(2)
2016). Thus, the same voxel size of the muscle region as that
for the iBAT region was drawn on each mouse image from
all four groups and used as the reference region. The SUV
values were determined and the SUVR were then calculated
for each mouse, as shown in table 1. We found that
SUVR_DtAvg_f30_60 and SUVR_WtAvg provided similar
statistical outcomes.
It has been shown that UCP1 in the brown-adipose tissue
contributes a major role in energy expenditure (Fromme and
Klingenspor 2011; Nedergaard and Cannon 2013; Kozak

(3)

Our previous study showed that transcripts of UCP1
mRNA were doubled in WT-LFD than in RKO
(Ager -/-)-LFD (Song et al. 2014), which was similar
to what was observed in the current imaging study on
BAT activity (SUVRWT-LFD (4.03) [ SUVRRKO-LFD
(2.1); P = 0.004).
A signiﬁcant difference was previously observed for
transcripts of UCP1 mRNA in WT between HFD and
LFD mice. Similarly, the BAT activity in the present
study was signiﬁcantly reduced in WT-HFD as compared to WT-LFD as evidenced by the [18F]FDG
uptake (P = 0.004).
In contrast, the difference in the UCP1 mRNA
transcripts between RKO-LFD and RKO-HFD mice
did not reach signiﬁcance. This was also observed in
the present BAT imaging study (SUVRRKO-HFD &
SUVRRKO-LFD; P = 0.3).
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Figure 3. PET images (coronal sections) of four sub-groups of mice: (a) WT-LFD, (b) RKO-LFD, (c) WT-HFD and (d) RKO-HFD.

Consistent results were seen between the BAT activity
of RKO-HFD and WT-HFD, which was not signiﬁcantly different (P = 0.3).

5. Conclusion

Figure 4. Effects of Ager genotype on BAT levels of UCP1
mRNA transcripts. Wild-type or RAGE null mice were subjected to
LFD or HFD for 2 months; at the end of that time, BAT was
retrieved and subjected to a real-time polymerase chain reaction for
quantiﬁcation of UCP1 mRNA transcripts. N = 6 mice/group.
(Reproduced supplementary ﬁgure 6 from our previous study Song
et al. 2014.)

(4)

Further intergroup comparisons showed that in high-fat
feeding, UCP1 mRNA transcripts in BAT did not
differ between WT-HFD and RAGE-HFD null mice.

In conclusion, in WT mice (in the presence of RAGE), HFD
presented detrimental effects on energy expenditure by signiﬁcantly reducing the BAT activity, which is evident by
lower uptake of [18F]FDG in WT-HFD than in WT-LFD
(P = 0.004). This may be due to the adipose tissue inﬂammation caused by increased accumulation of AGEs. In
contrast, in the case of RAGE deﬁciency, a HFD exhibited
no signiﬁcant effect on BAT thermogenesis, as compared to
that seen in RKO-LFD mice. These results support the
hypothesis that RAGE may contribute to altered energy
expenditure and provide a protective effect against DIO by
Ager deletion. Thus, blocking the RAGE signal transduction
axis can be a potential strategy for the treatment of obesity
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Table 2. Correlations between the measurement of UCP1-mRNA transcripts and BAT activity
Previous work (Song et al. 2014) (UCP1-mRNA transcripts)
WT-LFD [  RKO-LFD
WT-LFD [ WT-HFD
WT-HFD + RKO-HFD C RKO-LFD

(Deane et al. 2012; Han et al. 2012; Han et al. 2014; Han
et al. 2015).
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