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Circulating fibroblast growth factor 21 is reduced, whereas its production is
increased in a fat depot-specific manner in cold-acclimated rats
Diane M. Sepa-Kishi and Rolando B. Ceddia

Muscle Health Research Center, School of Kinesiology and Health Science, York University, Toronto, Ontario, Canada

ABSTRACT
This study investigated the effects of cold acclimation on circulating fibroblast growth factor 21
(FGF21) levels, as well as its production and signaling in classical brown and white adipose tissues.
Male Wistar rats were cold (4°C) acclimatized for 7 days. Subsequently, liver, interscapular and
aortic BAT (iBAT and aBAT), and the Sc Ing and epididymal (Epid) white adipose tissues were
extracted. Cold acclimation significantly reduced circulating FGF21 and its liver expression.
Conversely, FGF21 content increased in iBAT, aBAT and Sc Ing fat depots, along with the
expressions of the Fgf21 receptor and the receptor co-factor β-klotho. Cold acclimation increased
FGF21 secretion from Sc Ing and Epid adipocytes, although only iBAT and Sc Ing fat depots
enhanced ERK1/2 phosphorylation. These findings provide evidence that FGF21 acts in an auto-
crine/paracrine manner in iBAT and Sc Ing fat depots under cold-acclimating conditions and may
contribute to driving depot-specific thermogenic adaptive responses.
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Introduction

Fibroblast growth factor-21 (FGF21) is a hormone that
belongs to a large family of small generally secreted pro-
teins that are involved in diverse actions such as cell
growth, cell differentiation, embryonic development,1 and
metabolic regulation.2 FGF21 is expressed in several
organs, including the liver, brown andwhite adipose tissues
(BAT and WAT, respectively), pancreatic β-cells, and
thymus.3 It was initially described as a protein that
enhanced glucose uptake in 3T3-L1 and human primary
adipocytes by increasing Glut1 mRNA and protein.4

However, it is now well recognized that FGF21 exerts
multiple metabolic effects and increases energy expendi-
ture in response to specific stimuli such as cold exposure,
high-fat and ketogenic diets, and fasting/refeeding.2 Under
conditions of cold-induced thermogenesis, FGF21 up-reg-
ulates Ucp1 expression in classical BAT and also in the
subcutaneous (Sc) inguinal (Ing) WAT. The latter effect
characterizes the ability of FGF21 to induce browning of
the Sc Ing WAT, which is actually impaired in mice defi-
cient in FGF21.5 In fact, in mice lacking FGF21 the ability
of the WAT to undergo cold-induced browning and
acquire multilocular, Ucp1-expressing adipocytes known
as beige or brite (“brown-in-white”) adipocytes is markedly
impaired.5 Therefore, compelling evidence exists that
FGF21 is crucial for the induction of thermogenic adaptive

responses in both classical brown and WAT adipocytes
upon cold exposure.

In order for FGF21 to signal, it requires the presence of
the single-pass transmembrane protein β-klotho and the
FGF receptor (FGFR).6,7 FGF21 binds β-klotho at the C
terminus and interacts with FGFR through its N
terminus.7,8 Thus, activation of the FGFR requires that
both termini of FGF21 are intact.9,10 Importantly,
β-klotho expression is essential for FGF21 signaling and
is the primary determinant of tissue specificity because it
limits the action of the hormone to those tissues that
express both the receptor and β-klotho, as is the case for
BAT and WAT.6,7 Binding of FGF21 to its receptor and
the formation of the FGF21/FGFR/β-klotho complex
results in autophosphorylation of tyrosine residues on
the receptor,11 which subsequently leads to the phosphor-
ylation and activation of MAPK/ERK kinase (MEK)1/2.12

MEK1/2 phosphorylates tyrosine and threonine in extra-
cellular signal-regulated kinase (ERK)1/2, a kinase that
has multiple downstream targets.12 There is evidence that
FGF21 signals in the brain to activate the sympathetic
nervous system (SNS) and induce adipose tissue thermo-
genesis and that an intact adrenergic system is necessary
for FGF21 action.13 However, more recently it has been
reported that even in the absence of β3-adrenergic recep-
tors cold-induced thermogenic gene expression (Ucp1,
peroxisome proliferator-activated receptor gamma
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coactivator 1-alpha (Pgc1a), deiodinase iodothyronine
type II (Dio2), and cell death-inducing DFFA-like effector
a (Cidea)) in brown or brite/beige adipose tissues still
occurs.14 Furthermore, previous studies have demon-
strated that FGF21 can increase thermogenic gene expres-
sion (e.g. Ucp1 and Cidea) in isolated primary WAT and
BAT adipocytes.5 Therefore, it appears that FGF21 can
enhance BAT thermogenesis and induce WAT browning
either via SNS activation or through a direct cell-autono-
mous effect in these tissues.

Based on various rodent studies, it is now well estab-
lished that the ability of the WAT to undergo browning
varies among different fat depots, with the Sc Ing WAT
being the most prone to acquiring a brown-like
phenotype.15–18 In this context, it is still unclear
whether it is a systemic increase or a tissue-specific
autocrine/paracrine FGF21 effect that can potentially
drive cold-induced browning of WAT. In mouse tis-
sues, the highest level of Fgf21 expression was found in
the liver,19 and this organ is considered the main source
of circulating FGF21.20 Interestingly, previous studies
have reported a reduction in Fgf21 expression in the
liver of cold-exposed mice, although this was not
accompanied by a reduction in circulating FGF21 levels
in these animals.5 Because FGF21 is also produced by
BAT, WAT and skeletal muscles,21 it could be that a
reduction in liver expression and production did not
cause a drop in circulating levels of FGF21 due to a
compensatory increase in the production of this hor-
mone by these other tissues. However, it remains to be
demonstrated whether other sites of production can
compensate for a potentially reduced hepatic produc-
tion and maintain unaltered circulating levels of FGF21
under cold-acclimating conditions. Furthermore, there
has been no clear comparison between BAT and WAT
depots with respect to FGF21 expression and content.
Of interest are the responses in the Sc Ing and Epid
WAT depots and how they compare to each other, and
to the classical BAT depots. Because FGF21 treatment
induces Ucp1 in Sc Ing but not in Epid fat, differences
in the FGF21 signaling may likely exist between these
two depots, and this could help explain depot-specific
differences with respect to cold-induced WAT

browning. In this context, we designed a study to
investigate the source of cold-induced FGF21 and
examined WAT and BAT depot-specific content,
release, and downstream signaling of the FGF21 path-
way. We exposed rats to cold (4°C) for 7 days, after
that, we extracted the interscapular and aortic BAT
(iBAT and aBAT, respectively) and the Sc Ing and
Epid fat depots. These tissues were used for the deter-
mination of FGF21 content and expression, β-klotho
and Fgfr1 expression, and phosphorylation of the
downstream FGF21 signaling target ERK1/2. Sc Ing
and Epid WAT were also used to isolate adipocytes
and assess the release of FGF21 by these cells in vitro.
Blood samples were collected on a daily basis to deter-
mine potential time-dependent alterations in circulat-
ing FGF21 levels, and the livers were extracted to assess
Fgf21 gene expression in this organ at the end of the
study. Here, we provide novel data regarding the effects
of cold acclimation on circulating FGF21 levels, as well
as a comparative analysis of FGF21 expression, content,
release, and activation of its downstream signaling
pathway in classical BAT and WAT depots.

Results

Effects of cold exposure on food intake, plasma NEFA
levels, circulating FGF21, and liver Fgf21 expression – At
baseline, food intake was similar between the two groups
of rats. However, rats that were cold acclimated consumed
47% more food than control animals (Table 1). NEFA
levels did not differ between the two groups either at
baseline or after 7 days of cold exposure (Table 1). Time
course analysis of plasma FGF21 shows that the circulat-
ing levels of this hormone progressively reduced through-
out the 7-day period of cold exposure, reaching values
~ 40% lower than control after 4 days of cold exposure
(Figure 1A). Calculation of area under curve throughout
the 7-day period revealed a significant reduction of 31%
in circulating FGF21 levels in cold animals in comparison
to controls (Figure 1(A,B)). As the liver is the main source
of circulating FGF21,20 we alsomeasured its expression in
this tissue. In agreement with the plasma data, liver Fgf21

Table 1. Food intake (g/rat/day) and plasma NEFAs (mmol/l) at baseline and following seven days of cold
exposure. Age- and weight-matched animals were either kept at room temperature or cold exposed (4°C) for
7 days.

Baseline 7 Days Cold Exposure

Control Cold Control Cold

Food Intake (g/rat/day) 28.68 ± 1.09 28.44 ± 0.78 27.69 ± 0.87 40.91 ± 0.83*
NEFA
(mmol/l)

0.268 ± 0.028 0.215 ± 0.031 0.293 ± 0.022 0.236 ± 0.012

Food intake and plasma NEFAs were measured prior to (baseline) and on the final day of the cold exposure period. Plasma samples were
taken in the fed state. Values are mean ± SEM. Two-way ANOVA, n = 7. *p < 0.05 vs. Baseline Cold and 7 Days Cold Exposure Control.
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gene expression was markedly reduced (73%) by cold
exposure (Figure 1C).

Effects of cold exposure on Fgf21 expression, content, and
signaling in iBAT and aBAT – In contrast to the liver, cold
exposure significantly increased Fgf21 expression and its
content by 11.2- and 1.8-fold, respectively, in the iBAT
(Figure 2(A,B)`). In the aBAT, there was no significant
alteration in Fgf21 expression; however, there was a 7-fold
increase in FGF21 content in this tissue following cold
exposure (Figure 2(C,D)). In iBAT, cold exposure signifi-
cantly elevated the expression of Fgfr1 and β-klotho by 2.3-
and 2.5-fold, respectively (Figure 3A), and this was accom-
panied by a 4.2-fold increase in the phosphorylation of the
FGF21 downstream signaling target ERK1/2 (Figure 3B).
In contrast to the iBAT, no change in the expression of
Fgfr1 was found in aBAT, whereas β-klotho expression was
reduced by 50% following cold exposure (Figure 3C).
Furthermore, phosphorylation of ERK1/2 was also reduced
by 78% in the aBAT of cold-exposed rats (Figure 3D).

Effects of cold exposure on the expression, content and
secretion of FGF21 in the Sc Ing and Epid WAT – There
were significant differences in the expression and content
of FGF21 between the two WAT depots. Expression and
content of FGF21 was 2-fold greater in the Sc Ing fat of
cold-exposed rats compared to control rats (Figure 4(A,
C)), whereas in the Epid fat depot these variables did not
differ between control and cold acclimating conditions
(Figure 4(B,C)). Additionally, the content of FGF21 in the

cold-exposed Sc Ing fat was 4-fold greater than the Epid
fat (Figure 4C). In agreement with this data, there was a 5-
fold increase in the amount of FGF21 secreted from Sc Ing
adipocytes following cold exposure (Figure 4D), whereas
no significant differences in secreted FGF21 from the
Epid adipocytes were found between control and cold
conditions (Figure 4E).

Effects of cold exposure on the FGF21 signaling pathway
in the Sc Ing and Epid WAT – In addition to the increases
in Fgf21 expression and content in the Sc Ing WAT,
expression of Fgfr1 and β-klotho was also increased 3-
fold in this depot following cold exposure (Figure 5A).
Phosphorylation of the downstream signaling target
ERK1/2 was also increased by 1.6-fold in the Sc Ing
WAT upon cold acclimation (Figure 5B). Despite not
affecting the expression and content of FGF21 in the
Epid fat depot, cold acclimation significantly increased
the expression of Fgfr1 and β-kotho by 2.8-fold in this
depot (Figure 5C). However, this did not seem to have
affected FGF21 signaling because there was no alteration
in the phosphorylation of ERK1/2 in the Epid fat follow-
ing cold exposure (Figure 5D).

Discussion

FGF21 is a hormone known to activate the BAT and
induce browning of the Sc Ing WAT5,22 and we tested
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Figure 1. Cold acclimation reduces plasma FGF21 (A and B) and liver gene expression of Fgf21 (C). Age- and weight-matched
animals were either kept at room temperature or cold exposed (4°C) for 7 days. Plasma samples were taken daily in the fed state.
AUC = area under the curve. *p < 0.05 vs. Con. Unpaired, two-tailed t-test, n = 7 for the plasma data and n = 9 for the gene
expression data.
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Figure 2. Cold exposure increases the expression and content of FGF21 and the content of FGF21 in the iBAT (A and B) and aBAT (C
and D). Age- and weight-matched animals were either kept at room temperature or cold exposed (4°C) for 7 days. *p < 0.05 vs. Con.
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whether or not plasma levels would be increased fol-
lowing cold exposure to facilitate this activation and
induction of WAT browning. Here, we report that
plasma FGF21 was actually significantly reduced with
cold acclimation as a result of its marked reduction in
expression in the liver, the organ which is the main
source of circulating FGF21.20 This is in contrast to
previous results demonstrating an increase in circulat-
ing FGF21, despite also showing a reduction in liver
Fgf21 expression following prolonged cold exposure.22

Species-specific differences and the length of time of
the cold exposure may help to explain these discrepan-
cies. In the liver, FGF21 is upregulated by peroxisome
proliferator-activated receptor (PPAR)α, a transcription
factor that is activated under fasting conditions, in
particular by long-chain FAs that are abundant under
these conditions.23,24 Previous work has shown that
hepatic Pparα expression is reduced following 24 h of
cold exposure (8°C),25 which could explain the reduc-
tion in Fgf21 expression we found in the liver.
However, we measured Pparα in the livers from cold-
acclimated rats,26 but no significant difference was
found when compared to control. Even though Pparα
expression was not affected by cold acclimation, we
cannot rule out the possibility that its content and
activity were actually downregulated. In particular
because fatty acids are important for PPARα
activation,27 and plasma NEFAs did not differ between

control and cold acclimated rats, despite the fact that
the latter animals ate 47% more than the former ones.
Importantly, NEFAs can be rapidly consumed by
BAT28 and other peripheral tissues (e.g. skeletal
muscles)29,30 to fuel thermogenesis under cold accli-
mating conditions; therefore, their circulating levels
did not increase as a consequence of cold acclimation.
As we have previously reported, NEFAs are diverted
toward oxidation in skeletal muscles30 and liver,26

which must also have limited their availability to parti-
cipate in other intracellular pathways. Thus, cold accli-
mation did not seem to have created a physiological
environment that was conducive to PPARα activation
or an increase in Fgf21 expression in the liver.

Because the lack of circulating FGF21 limits the
ability of the WAT to undergo browning under condi-
tions of cold exposure,5 it could be that FGF21 was
being produced within BAT and WAT, where it could
exert an autocrine/paracrine effect and induce a ther-
mogenic adaptive response. This would provide an
alternative source of FGF21 that is independent of
hepatic production. To test this hypothesis, we first
investigated two classical BAT depots and then com-
pared the results to those in two typical WAT depots.
We found that iBAT exhibited increased expression
and content of FGF21 along with enhancement of its
downstream signaling pathway with cold exposure,
whereas in aBAT only FGF21 content increased. To
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our knowledge, this is the first study to show this
distinct difference in FGF21 signaling between two
classical BAT depots. iBAT and aBAT are very similar
with respect to their multilocular appearance and UCP1
content;15,31 however, we have previously found higher
rates of palmitate and glucose oxidation in aBAT com-
pared to iBAT,15 demonstrating that metabolic differ-
ences exist between these two depots. Interestingly, it
has been reported that adipocytes from aBAT do not
originate from the same Myf5+ lineage as adipocytes
from iBAT.31 Furthermore, aBAT (also known as med-
iastinal BAT or mBAT) does not express Zic1, a gene
that is highly expressed in iBAT and frequently used as
a marker for classical BAT.32,33 These data provide
evidence of a different developmental origin for aBAT
compared to iBAT, which could explain the distinct
metabolic differences exhibited by aBAT. The perirenal
BAT (prBAT) is another classical BAT depot that does
not express Zic1.32 Interestingly, both aBAT and prBAT
are located more centrally in the rat suggesting that

anatomical location of these BAT depots is an impor-
tant determinant of their metabolic function. Further
work is required to determine if prBAT is similar to
aBAT in terms of FGF21 signaling and thus different
from other classical BAT depots such as iBAT.

We have also found depot-specific differences in
Fgf21 expression and signaling in two distinct depots
of WAT. In Sc Ing WAT, the depot known to undergo
browning, the content of FGF21 and the expressions of
Fgf21, Fgfr1 and β-klotho were increased, similarly to
iBAT. In contrast, only the expressions of Fgfr1 and β-
klotho were increased in Epid WAT, a depot that does
not undergo browning. Secretion of FGF21 was also
only enhanced in Sc Ing adipocytes following cold
exposure. Finally, phosphorylation of ERK1/2 was
found in Sc Ing, but not in Epid WAT, even though
in the latter tissue the expressions of both Fgfr1 and β-
klotho were enhanced with cold exposure. It is possible
that there was not a high enough local concentration of
FGF21 to stimulate a response in the Epid WAT, since
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cold exposure did not increase the expression or secre-
tion of FGF21 in this fat depot. This suggests that a
potent stimulation might be required for the Epid fat to
elicit a downstream response. Indeed, treatment of
mice with FGF21 or bFKB1, a recombinant monoclonal
antibody that selectively binds the FGFR1-β-klotho
complex, resulted in increased expression of Erg-1 (a
downstream target of ERK1/2) and increased phos-
phorylation of ERK1/2, respectively, in the Epid fat.34,35

However, despite eliciting a signaling response, FGF21
or bFKB1 treatment did not increase glucose uptake in
the Epid depot, whereas in the Sc Ing depot it elicited
both a downstream signaling response and an increase
in glucose uptake.34,35 Additionally, it has been shown
that in transgenic mice overexpressing Fgf21, Ucp1
expression (an indication of browning) increased in
the Sc Ing, but not in the Epid fat depot.35

Collectively these data suggest that a potent stimulation
of the Epid fat could elicit a downstream response of
the FGF21 signaling pathway, but would likely not
result in further metabolic alterations or browning of
this tissue.

Importantly, even though phosphorylation of ERK1/
2 is often used as an indicator of activation of the
FGF21 signaling pathway,4,34 ERK1/2 can also be acti-
vated following cold-induced activation of the adrener-
gic signaling pathway.36,37 Thus, phosphorylation of
ERK1/2 may not be the most selective indicator of
activation of the FGF21 pathway under cold conditions.
Additionally, because the FGF21 signaling pathway has
not been fully elucidated, activation of p90 ribosomal
S6 kinase (p90RSK) may be of interest to examine. It
has been reported that phosphorylation/activation of
p90RSK is enhanced in primary mouse brown adipo-
cytes with FGF21 treatment.38 p90RSK can subse-
quently phosphorylate and activate CREB, which, in
turn, enhances the transcription of Pgc1α and Ucp1.38

This is one possible molecular mechanism linking
FGF21 with an increase in UCP1 that could be dis-
tinctly regulated in the Sc Ing compared to the Epid fat
depot and determine depot-specific propensity to
browning; however, further research is warranted to
test this possibility. Interestingly, recent research has
also shown that cold adaptation over 3 weeks occurs
independently of FGF21 or UCP1.39 This is in contrast
to findings previously reported,5 as well as our findings,
and questions the role that FGF21 may have in cold-
induced metabolic adaptations. We have hypothesized
and provided evidence in our study of FGF21 acting in
an autocrine/paracrine manner in the Sc Ing WAT
following cold exposure. Even though, FGF21 content
was enhanced following 7 days of cold exposure, we
cannot rule out other mechanisms that could also be

activated in the Sc Ing WAT and contribute to the
organism’s ability to adapt to the cold in addition to
any FGF21 effects. In this context, evidence of activa-
tion of futile cycles in the Sc Ing WAT has been
provided40-43 and may comprise the main thermogenic
mechanism by which the organism adapts to prolonged
cold exposure in the absence of FGF21 and UCP1.

In summary, we provide novel evidence that circu-
lating FGF21 is reduced during cold acclimation
because of a marked suppression of its gene expression
in the liver. However, this does not prevent FGF21
from acting on iBAT and Sc Ing WAT under cold-
acclimating conditions. This is possible because expres-
sion and release of FGF21 are increased within iBAT
and Sc Ing WAT, allowing for an autocrine/paracrine
effect of this hormone that could promote a robust
thermogenic response in iBAT and induce browning
of the Sc Ing WAT. Conversely, the lack of an increase
in Fgf21 expression and release by Epid adipocytes may
limit the ability of the Epid fat depot to undergo
browning under cold-acclimating conditions. These
findings provide a potential explanation for the depot-
specific browning response that is observed following
cold acclimation.

Materials and methods

Reagents – Type II collagenase was obtained from
Sigma (St. Louis, MO, USA). Protease (cOmplete™
Ultra Tablets) and phosphatase (PhosSTOP™) inhibitors
were from Roche Diagnostics GmbH (Mannheim,
Germany). The HR Series non-esterified fatty acid
(NEFA)-HR(2) kit was from Wako Diagnostics
(Richmond, VA, USA). The rat FGF21 ELISA was
from R&D Systems (Minneapolis, MN, USA). All anti-
bodies were purchased from Cell Signaling (Danvers,
MA, USA), except for the FGF21 antibody that was
purchased from Abcam (Toronto, ON, Canada).

Animals – Male albino rats (Wistar strain) were
housed at 22°C on a 12/12-h light/dark cycle and fed
standard laboratory chow (Lab Diet Cat #5012) ad libi-
tum. The protocol containing all animal procedures
described in this study was specifically approved by the
Committee on the Ethics of Animal Experiments of York
University (York University Animal Care Committee,
YUACC, permit number 2016–5) and performed strictly
in accordance with the YUACC guidelines. All surgery
was performed under ketamine/xylazine anesthesia, and
all efforts were made to minimize suffering.

Cold exposure – The rats were age- and weight-
matched (~ 400 g) and randomly allocated to either the
control or cold-exposed group. The rats were housed in
individual cages and maintained on a 12/12-h light/dark
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cycle at 22°C (Con) or 4°C (Cold) for 7 days. Food intake
was measured prior to (baseline) and on the final day of
the cold exposure period. Blood samples were collected
daily always at 9:00 am in the fed state from the saphe-
nous vein, centrifuged for 10 min at 4°C and the plasma
stored at −80°C for analysis of NEFAs and FGF21. Upon
completion of the protocol, animals were anesthetized
(0.4 mg ketamine and 8 mg xylazine per 100 g body
weight) in the fed state and the iBAT, aBAT, Epid and
SC Ing fat pads as well as the liver were extracted and
weighed. A sample of each was flash frozen in liquid
nitrogen for quantitative PCR and western blot analysis.

Adipocyte isolation and conditioned media –Adipocyte
isolation from the Epid and SC Ing fat pads was per-
formed as previously described.44 Briefly, the adipose
tissue was minced in Krebs-Ringer Buffer (0.154 M
NaCl, 0.154 M KCl, 0.11 M CaCl2, 0.154 M MgSO4,
0.154 M KH2PO4, 0.154 M NaHCO3, pH 7.4) with
5.5 mM glucose and 30 mMHEPES (KRBH) supplemen-
ted with type II collagenase (0.5 mg/ml). Minced tissues
were incubated at 37°C with gentle agitation (120 orbital
strokes/min) for approximately 25–30 min. The digested
tissue was then strained using a nylonmesh and cells were
transferred to 50 ml tubes, washed, and resuspended in
fresh KRBH. The total cell numbers were determined as
previously described45 and an equal number of adipocytes
(3.3 x 106/ml) from each depot was incubated in KRBH
for a total of 4 h at 37°C. The conditioned media was
collected at the end of the incubation period and frozen at
−80°C for subsequent analysis of secreted FGF21.

RNA isolation and quantitative PCR – Primers were
designed using the software PrimerQuest (IDT) based on
probe sequences available at the Affymetrix database
(NetAffx™AnalysisCentre, http://www.affymetrix.com/ana
lysis) for each given gene. RNA was extracted from the
adipose tissue and liver using TRIzol™ reagent
(ThermoFisher Scientific, Mississauga, ON, Canada).
Adipose tissue complimentary DNA (cDNA) was made
from 5 μg of extracted RNAusing the SuperScript II reverse
transcriptase (ThermoFisher Scientific, Waltham, MA,
USA) and liver cDNA was made from 2 μg of extracted
RNA using the ABM EasyScript™ Reverse Transcriptase
cDNA synthesis kit (Diamed, Mississauga, ON, Canada),
according to themanufacturer’s instructions. Samples were
run using 10 μl of ABM EvaGreen qPCR Mastermix
(Diamed, Mississauga, ON, Canada) using the following
amplification conditions: 95°C (10 min); 40 cycles of 95°C
(15 s), 60°C (60 s). Adipose tissue genes were normalized to
the control gene GAPDH and liver genes were normalized
to the control gene β-actin. Relative differences in gene
expression between treatment groups were determined
using the ΔΔCt method.46 Values are presented as fold
increases relative to the Con group.

Western blotting analysis of content and phosphoryla-
tion of proteins, and conditioned media – Adipose tissue
collected from the iBAT, aBAT, Epid and SC Ing depots
was homogenized in a buffer containing 25 mM Tris-
HCl, 25 mM NaCl (pH 7.4), 1 mM MgCl2, 2.7 mM KCl,
1% Triton-X and protease and phosphatase inhibitors
(Roche Diagnostics GmbH, Mannheim, Germany).
Adipose tissue homogenates were centrifuged, the infra-
natant collected, and an aliquot was used to measure
protein by the Bradford method. Samples were diluted
1:1 (vol:vol) with 2x Laemmli sample buffer and heated
to 95°C for 5 min. Samples were then subjected to SDS-
PAGE, transferred to PVDF membrane and probed for
the proteins of interest. All primary antibodies were used
at a dilution of 1:1,000. β-actin was used as a loading
control. For the conditioned media, samples were diluted
1:1 (vol:vol) with 2x Laemmli sample buffer, heated to
95°C for 5 min and an equal volume of each sample was
subjected to SDS-PAGE. Samples were then transferred
to PVDF membrane and subsequently probed for FGF21
(dilution of 1:1,000). Densitometric analyses of western
blots were performed using the Scion Image program.

Statistical analyses – Statistical analyses were assessed by
unpaired, two-tailed t-test or two-way ANOVA with
Bonferroni post-hoc test using the GraphPad Prism statis-
tical software program. Statistical significance was set at
p < 0.05.
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