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ABSTRACT

Widely used for their anti-inflammatory and immunosuppressive properties, glucocorticoids are
nonetheless responsible for the development of diabetes and lipodystrophy. Despite an increasing
number of studies focused on adipocyte glucocorticoid receptor (GR), its precise role in the
molecular mechanisms of these complications remains unclear. In keeping with this goal, we
generated a conditional adipocyte specific murine model of GR invalidation (AdipoGR-KO mice).
Interestingly, when submitted to a corticosterone treatment to mimic hypercorticism conditions,
AdipoGR-KO mice exhibited an improved glucose tolerance and insulin sensitivity. This was
related to the adipose-specific activation of insulin signaling pathway, which contributed to fat
mass expansion, as well as a shift towards an anti-inflammatory macrophage polarization in
adipose tissue of AdipoGR-KO animals. Moreover, these mice were protected against ectopic lipid
accumulation in liver and displayed an improved lipid profile, contributing to their overall healthier
phenotype. Altogether, our results indicate that adipocyte GR is a key factor of adipose tissue
expansion and glucose and lipid metabolism control, which should be taken into account in the

further design of adipocyte GR selective modulators.
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INTRODUCTION

Glucocorticoids (GCs) and synthetic analogues are among the most prescribed anti-inflammatory
treatments (1). However high doses of GCs can lead to side effects including hyperglycemia,
dyslipidemia, insulin resistance and lipodystrophy (2), which is characterized by an enlargement
of visceral adipose tissue (VAT) at the expense of subcutaneous adipose tissue (SCAT). Conversely
to the protective effect of SCAT expansion on metabolic disorders, VAT hypertrophy is a major
risk factor for the development of diabetes and cardiovascular diseases (3). Thus, patients with
endogenous hypercorticism (Cushing syndrome) harbor similar features with metabolic syndrome,
suggesting a potential role of GCs in the pathophysiology of visceral obesity and insulin resistance
4.

GCs exert pleiotropic effects on adipose tissue (AT) physiology. They promote adipogenesis (5, 6)
and regulate adipocyte lipid storage and mobilization, as well as adipokine secretion (5, 7, 8). These
effects rely on the nature of subcutaneous or visceral AT, as well as on the GC concentration and
duration of exposure (9-11). GC actions are mediated through two nuclear receptors, the
glucocorticoid receptor (GR) and the mineralocorticoid receptor (MR) (7, 8), which play specific
roles in the development and functions of adipocytes but also on AT pathophysiology (7, 8).
Global human MR overexpression in transgenic mice leads to resistance to high-fat diet-induced
obesity by regulating adipocyte differentiation and macrophage polarization (12). However, this
protective effect is abolished when MR is specifically overexpressed in AT leading to insulin
resistance and metabolic syndrome under diet-induced obesity (13). Furthermore, in vivo MR
pharmacological blockade by eplerenone reduces the expression of pro-inflammatory factors in
genetically obese and diabetic mice, suggesting a role for MR as a key factor mediating obesity-
related inflammation and insulin resistance (14). The implication of GR in the pathophysiology of

metabolic syndrome has been suggested by the pharmacological blockade of GR (by RU486),
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which improved fasting hyperinsulinemia, insulin resistance and glucose intolerance (15). More
recently, the role of the adipocyte GR was investigated in vivo using constitutive murine models of
adipocyte GR deletion (16-20). However, these studies led to contradictory results, where the
adipocyte GR invalidation could either play a minor role in diet-induced obesity (17, 20) or have a
metabolic impact protecting from age-related and diet-induced obesity (19). This metabolic
improvement in adipocyte GR-deficient mice could involve the inhibition of negative feedback
mechanisms in hypothalamic-pituitary-adrenal axis (16). Furthermore, studying the role of
adipocyte GR in the context of GC-induced metabolic dysfunction also led to divergent results on
insulin resistance improvement (18, 20). These discrepancies may rely on the murine model of
constitutive GR invalidation that could profoundly modify the biology of adipose cells and tissue
through compensatory mechanisms.

To circumvent the phenotypic impact of GR ablation on growth and developmental processes, we
generated a mouse model of conditional GR invalidation specifically in AT of adult mice
(AdipoGR-KO mice). To address the role of adipocyte GR implications under exogenous
hypercorticism conditions, we submitted AdipoGR-KO mice to a 4-week corticosterone treatment.
Interestingly, these mice exhibited an expansion in fat mass under corticosterone exposure. Despite
increased adiposity, AdipoGR-KO mice displayed an improved metabolic profile, with a selective
enhancement in AT insulin sensitivity. Furthermore, AdipoGR-KO mice harbored a normal plasma
lipid profile and were protected from lipid ectopic deposition in liver. Thus, our results demonstrate
that adipocyte GR is a key determinant of AT expandability and insulin sensitivity, which in turn

influences whole body glucose and lipid homeostasis.
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Research design and methods

Animals and treatment

Adipocyte-specific GR-deficient mice (AdipoGR-KO) were generated by crossing C57BL/6J
GRMo¥Lox mice (kind gift of Dr Tronche, France (21)) with C57BL/6J mice, which express the
CreERT2 recombinase under the adiponectin promoter (kind gift of Dr Offermanns, Germany
(22)). Cre recombinase was activated by tamoxifene intraperitoneal injection in ten-week-old male
mice (60 pg/g/day; MP Biomedicals, Illkirch Graffenstaden, France) for 5 consecutive days.
Fourteen-week-old AdipoGR-KO and control (WT) mice were treated during 4 weeks either with
corticosterone (CORT, 100 pg/ml; Sigma-Aldrich, St. Louis, MO) or vehicle (VEH, 1% ethanol)
added to tap water as described in (23). Eighteen-week-old mice were then sacrificed. Tissues were
dissected, rapidly frozen in liquid nitrogen and kept at -80°C. Blood was collected by intracardiac
puncture with heparin-moistened syringes. Plasma was obtained after centrifugation at 5,000 x g
for 10 min at 10°C.

The animal housing facility was granted approval (C 75-12-01) given by the French
Administration. All experiments were conducted according to the European Communities Council
Directive (2010/63/UE), and approved by the Regional Animal Care and use committee (Ile-de-

France, Paris, no5; agreement number 00917.02 and 4625).

Metabolic parameter exploration and in vivo insulin stimulation

For Oral glucose tolerance tests (OGTTs), 5 hour-fasted mice received a glucose load (1 g/kg body
weigth) orally. For insulin tolerance tests (ITTs), mice fasted 5 hours were injected
intraperitoneally with 1 Ul/kg insulin (Actrapid Penfill; Novo Nordisk, Paris, France). Whole-tail
vein blood was collected at baseline (T0) and 15 min (T15), centrifuged plasma samples were

stored at -80°C. For both tests, blood glucose was measured at the tail vein using an automatic
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Accu-Chek Performa glucometer (Roche, Meylan, France) at indicated times. For insulin-signaling
experiments, mice were intraperitoneally injected with 1.5 UI /kg of human insulin (Actrapid

Penfill; Novo Nordisk, Paris, France), sacrificed 10 min later and tissues were stored at -80°C.

Functional analyzes on adipose tissue explants

Functional analyzes were carried out on subcutaneous (SCAT) and gonadal adipose tissue (GAT)
explants collected from WT and AdipoGR-KO mice either treated with VEH or CORT. Glucose
uptake was adapted from (24, 25). Lipogenic activity, FFA re-esterification and lipolysis were

adapted from (26). Details are presented in the supplemental material section.

Histomorphological Procedures

Paraffin-embedded liver and AT were cut in 4 um thick sections and stained with hematoxylin and
eosin. Adipocyte size distribution was determined on five-to-ten fields of SCAT and GAT per
section covering the entire tissue surface, at x10 magnification (optical microscope IX83
Olympus).  Adipocyte  quantification = was  performed using Image]J  software

(http://rsbweb.nih.gov/ij/) on ~1000-5000 cells per mouse. Considering that adipocytes constituted

90% of the adipose tissue volume, cell number was estimated by dividing the tissue mass by the

mean volume of cells. The results are expressed as cells per gram of tissue.

Isolation of adipose macrophages from Stromal Vascular Fraction and Flow Cytometry
Analysis
Macrophages were isolated from SCAT and GAT from WT and AdipoGR-KO mice treated with

CORT and stained as described previously (27). Stained cells were analyzed using a Gallios flow
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cytometer (Beckman Coulter, Inc., Villepinte, France) and data were processed using Kaluza

software (Beckman Coulter).

Statistical analysis

All values are expressed as the means = SEM. Comparisons between animal groups were carried
out using a parametric Student’s # test or by a nonparametric Mann-Whitney-Wilcoxon’s test using
Prism software (Graph Pad Software, Prism 5.0, La Jolla, CA). »° analysis was performed to study
the statistical differences in adipocyte surface distribution. A P value < 0.05 was considered

statistically significant.
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Results

GR is specifically invalidated in mature adipocytes of AdipoGR-KO mice

To validate our model, we measured the relative GR gene expression in subcutaneous inguinal
(SCAT), gonadal (GAT), perirenal (PAT) and brown adipose tissue (BAT) of AdipoGR-KO and
WT mice. We observed a partial decrease in GR transcript level (50-to-60%) restricted to all AT
of AdipoGR-KO mice (Fig S1A and S1C). The partial reduction was due to the heterogeneity of
AT, which is composed of mature adipocytes but also of a mixture of non-adipocyte cell
populations (28). Analysis of the isolated adipocyte fraction from SCAT and GAT showed a nearly
extinction of GR protein content in AdipoGR-KO mice compared to their littermates, confirming
the GR invalidation in mature adipocytes (Fig S1B). As expected, gene expression of two known
GR target genes (angiotensinogen and 11 -hydroxysteroid dehydrogenase type 1, 113-HSD1) was
significantly decreased by 50-80 %, in accordance with GR deficiency in AT of AdipoGR-KO
mice (Fig S1D and S1A). Finally, MR mRNA content as well as two known MR target genes
(Serum and Glucocorticoid-regulated Kinase 1, SGK1 and Prostaglandin D2 synthase, PTGDS)
remained unchanged (Fig S1E and S1F), indicating that no compensatory mechanisms through

MR occurred in AT of AdipoGR-KO mice.

AdipoGR-KO mice harbor increased adiposity upon corticosterone treatment

AdipoGR-KO and WT mice were treated with corticosterone (CORT) or vehicle (VEH) for 4
weeks. As expected, corticosterone levels measured at the light/dark transition (8 am and 8 pm)
were significantly elevated in the plasma of CORT-treated mice, with a maintained daily variation

but were not significantly modified between the two genotypes (Fig S2A). In agreement with the
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absence of adipocyte GR and in response to CORT, we detected a strong down-regulation of GR-
specific target genes (4Angiotensinogen, 11-HSD1 and FKBPS5) in all AT of AdipoGR-KO mice
(Figure S3). CORT treatment led to a progressive, and similar body weight gain in both genotypes
throughout the 4-week exposure (Fig 1A). Interestingly, dual energy x-ray absorptiometry (DEXA)
analysis showed a marked enhancement of fat mass correlated to a decreased lean mass in CORT-
treated AdipoGR-KO mice compared to CORT-WT mice (Fig 1B), and confirmed by the increased
SCAT, GAT and PAT mass (Fig 1C) and the reduced liver and skeletal muscle weight in CORT-
treated AdipoGR-KO mice (Fig 1D and 1E). Surprisingly, despite AT expansion, leptin plasma
displayed a 2-fold decrease in CORT-treated AdipoGR-KO versus WT mice (Fig S2B). Analysis
of food intake, locomotor activity and energy expenditure did not show any differences between
both CORT-treated genotypes (Fig S2C, S2D and S2E). Although the respiratory exchange ratio
(RER) was not modified over 24 hours, CORT-treated AdipoGR-KO mice preferentially used
glucose as substrate during the dark period and switched towards fatty acid (FA) utilization during
the light period (Fig 1F right panel), which indicated a lower FA oxidation during the night period

and a higher FA utilization in the daylight period (Fig S2F).

AdipoGR-KO mice are protected from CORT-induced glucose intolerance and insulin
resistance

We next evaluated the impact of adipocyte GR invalidation on glucose and insulin tolerance in
CORT- and VEH-treated mice (Fig 2A). As expected in WT mice, CORT treatment led to glucose
intolerance and insulin resistance compared to VEH-treated mice (Fig 2A and 2B right panel).
Interestingly, AdipoGR-KO mice showed a trend towards improved glucose tolerance and a

significant increase in insulin sensitivity upon CORT treatment (Fig 2A and 2B). In agreement

10

Page 10 of 55



Page 11 of 55

204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

226

Diabetes

with these results, CORT dramatically increased plasma insulin concentration in WT mice, but at
a much lower level in AdipoGR-KO mice at 0 and 15 minutes after glucose gavage (Fig 2C).
HOMA-IR index was significantly decreased in both CORT- and VEH-treated AdipoGR-KO mice
(Fig 2D). Insulin signaling was also assessed upon insulin pulse experiments in tissues from both
genotypes (Fig 2E and 2F). Interestingly, in CORT-treated AdipoGR-KO mice, Akt
phosphorylation was significantly increased in the GAT and to a lesser extent in the SCAT
compared to CORT-treated WT. While Akt phosphorylation was only modestly affected in AT and
muscle from CORT-treated WT mice, it was markedly decreased in liver. This impaired Akt
phosphorylation was not rescued in AdipoGR-KO mice suggesting that adipocyte GR invalidation

specifically improves insulin signaling activation in SCAT and GAT (Fig 2E and 2F).

Metabolic improvement in AdipoGR-KO mice is associated with M2-like macrophage
polarization in AT

In the context of obesity, insulin resistance is associated with a low-grade tissue-specific
inflammation state (29, 30). GC treatment during high-fat diet induces adipose mass expansion and
insulin resistance without increasing inflammation and macrophage recruitment (31). We analyzed
mRNA content of key cytokines in isolated adipocyte fractions from SCAT and GAT of CORT-
treated mice (Fig S4) and did not observe any significant changes in gene expression of anti-
inflammatory cytokines (IL-10 and IL-1Ra, known to antagonize IL-1 action) (Fig S4A) and of
pro-inflammatory IL-6, IL-1B in AT of both genotypes (Fig S4B) except for TNFa, which showed
a trend towards a decreased expression in GAT of AdipoGR-KO mice (Fig S4B). Interestingly, the
MCP-1 chemokine (also known as CCL2) expression was highly increased in adipocyte fractions

of SCAT and GAT in AdipoGR-KO mice (Fig S4C), suggesting an enhanced

11
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monocyte/macrophage migration and infiltration into AT. This result prompted us to measure by
flow cytometry the percentage of total macrophage population in SCAT and GAT of CORT-treated
AdipoGR-KO and control mice. As observed in Figure 3A, the percentage of F4/80+/CD11b+
macrophages was not significantly altered in AdipoGR-KO compared to WT mice. We next
determined M1-like macrophage population using CD11c and NOS2 markers and M2-like
macrophages with the CD206 marker. Interestingly, deletion of GR in AT was associated with a
significant reduction in M 1-like markers and an increase in M2-like marker in SCAT of AdipoGR-
KO (Fig 3B and 3C, left panels). In GAT of AdipoGR-KO mice, only an induction of M2-like
macrophages was observed (Fig 3B and 3C, right panels). Interestingly, this macrophage
polarization pattern was associated with a significant increase in the mRNA and protein content of
adiponectin, which could exert anti-inflammatory and insulin-sensitizing properties in AT of
AdipoGR-KO mice (Fig S5). Altogether, these results suggest that adipocyte GR invalidation may

favor a M2-like macrophage phenotype in the expanded AT.

Adipose GR deficiency is associated with increased lipid storage and decreased lipid
mobilization

Increased adiposity and metabolic changes were mostly observed in mice under CORT exposure.
We thus examined the regulation of key enzymes and transcription factors involved in lipid
metabolism under nutritional manipulations. Upon refeeding, two main transcription factors
SREBPIc and ChREBP mediate the insulin and glucose action on enzymes of the lipogenic
pathway (32-34). SREBPIc gene expression was significantly increased in SCAT and GAT of
AdipoGR-KO mice, whereas ChREBP expression decreased but not significantly (Fig 4A and 4B).
Interestingly, the expression of their target genes involved in esterification and triglycerides (TG)

synthesis (mGPAT, AGPAT and DGAT) rather than in lipogenesis were significantly enhanced in

12
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both AT of AdipoGR-KO versus WT mice (Fig 4A and 4B). Under fasting conditions, we
measured the expression of ATGL (adipocyte triglyceride lipase) and of HSL (hormone-sensitive
lipase), the two main enzymes of the lipolytic response. HSL protein content and phosphorylation
levels were not modified in AT from AdipoGR-KO compared to WT mice (Fig 4E and 4F). In
contrast, ATGL protein content was significantly decreased in GAT of AdipoGR-KO mice (Fig
4E and 4F), while gene expression remained unchanged in both AT of AdipoGR-KO mice (Fig
4C and 4D). Altogether, these results suggest that these metabolic pathways could contribute to

the increased adiposity of AdipoGR-KO mice.

Functional ex vivo characterization of GR-deficient adipose tissues reveals increased lipid
synthesis and storage under CORT treatment

The phenotype of AdipoGR-KO mice prompted us to investigate the major metabolic pathways in
SCAT and GAT explants. Glucose uptake and de novo lipogenesis were assessed in the presence
or the absence of insulin (Fig 5A-5D). As expected, CORT inhibited insulin-stimulated glucose
uptake (Fig SA and 5B) and lipogenesis (Fig 5 and 5D) in AT of WT mice. Interestingly, a partial
to complete rescue of insulin-stimulated glucose uptake and de novo lipogenesis was observed in
AT of AdipoGR-KO mice (Fig SA-5D).

Isoproterenol-induced acute lipolytic activity measured by glycerol release was decreased in a
similar manner by CORT in WT and AdipoGR-KO mice compared to VEH-treated mice (Fig SE
and SF). Free fatty acid (FFA) released in the media was also measured to determine the FFA re-
esterified into newly synthesized triglycerides (TG) into adipocyte lipid droplets (Fig SG and SH).
The FFA-to-glycerol release ratio (also called glyceroneogenic index) is an indicator of re-
esterification and is equal to 3 in the absence of newly esterified TG since 3 molecules of FFA and

one molecule of glycerol are released during complete TG hydrolysis (Fig SI and 5J). Under
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CORT treatment, FFA re-esterification was decreased by 40-to-60% in AT explants of WT mice
compared to VEH-treated mice (Fig 5G and SH) and consequently, the glyceroneogenic index was
close to 3 (Fig 5I and 5J). In AdipoGR-KO mice AT explants, the FFA re-esterification was
strongly enhanced (Fig 5G and 5H) and therefore, was associated to a lower glyceroneogenic
index (about 2) in AT explants (Fig 5I and 5J).

To further investigate in vivo the role of adipocyte GR deficiency on lipid metabolism, we
measured plasma levels of non-esterified fatty acids (NEFA), TG, LDL-, and HDL-cholesterol
(Table 1). Increased TG and NEFA plasma levels by CORT treatment was significantly reduced
in GR-deficient mice. Furthermore, CORT similarly enhanced LDL-cholesterol concentration in
both genotypes, but only significantly increased HDL-cholesterol concentration in AdipoGR-KO
mice (Table 1). Taken together, these results show that adipocyte GR deletion improves lipid
synthesis and storage (through de novo FFA synthesis and re-esterification) in SCAT and GAT of

AdipoGR-KO mice.

Adipose GR deficiency leads to adipocyte hypertrophy specifically in gonadal adipose tissue
The flexibility of AT mass is an adaptive response to overnutrition or obesiogenic conditions to
prevent ectopic lipid deposition and lipotoxicity in non-adipose tissues (35). We investigated the
remodeling of AT by analyzing the adipose cell size distribution in SCAT and GAT of CORT-
treated mice under fed and refed conditions, a condition with increased TG accumulation.

Despite the increased fat mass in AdipoGR-KO mice (Fig 1C), the adipose cell size distribution
was similar in the SCAT of AdipoGR-KO and control mice (Fig 6A and 6C). A similar mean
adipocyte surface area and number of cells per gram of SCAT was determined on fed or refed
conditions (Fig S6A and S6B). Analysis of GAT cell size frequency revealed clear changes

depending on nutritional status in AdipoGR-KO mice (Fig 6B and 6D). While a similar cell size
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distribution was observed between both genotypes under fed condition, AdipoGR-KO mice
displayed a higher frequency of large adipocytes in the refed condition (Fig 6B), which was
correlated with an increase in the mean adipocyte area and consequently a lower number of
adipocyte cells per gram of GAT compared to refed-WT mice (Fig S6A and S6B). Finally, we did
not observe any significant change in gene expression of key adipogenic transcription factors
(C/EBPp, C/EBP6, C/EBPa and PPARjY) neither in SCAT nor GAT of both genotypes (Fig S7)
indirectly suggesting that the differentiation process could be attenuated, allowing a massive

enlargement of the adipocytes present in the GAT of the AdipoGR-KO refed mice.

AdipoGR-KO mice are protected from CORT-induced fatty liver

Chronic exposure to GCs is strongly associated with fatty liver development (36). Accordingly,
numerous and large lipid droplets were revealed in liver sections of CORT-treated WT mice and
correlated with a strong TG content compared to VEH-treated mice (Fig 7A and 7B). Interestingly,
CORT-treated AdipoGR-KO mice displayed a sharp decrease in hepatic TG concentrations, similar
to VEH-treated mice and was in agreement with the reduced liver weight (Fig 7A-7B and Fig 1D).
Furthermore, no remarkable difference in the expression of key enzymes involved in lipid and
glucose metabolism was observed, except for Elovi6 which was the only lipogenic gene
significantly decreased in the liver of AdipoGR-KO mice (Fig 7C). CPT1 (carnitine
palmitoyltransferase 1), an enzyme of FA oxidation, was also markedly reduced in AdipoGR-KO
mice, and paralleled the decrease in plasma ketone bodies (Fig 7D and Table 1). Thus, these results
suggest that AdipoGR-KO mice are protected from GC-induced hepatic steatosis, through a

preferential storage of lipids into AT.
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DISCUSSION

In AT, GCs are involved in pleiotropic effects, including the control of adipogenesis, lipolysis,
lipogenesis, insulin sensitivity and thermogenesis (37). Endogenous or pharmacological GC excess
is also associated with lipodystrophy, insulin resistance and disturbances in glucose and lipid
homeostasis (8). However, despite increasing number of studies, adipocyte GR contribution to
these metabolic side effects remains unclear. To uncover its role, we generated a conditional
adipocyte-specific model of GR invalidation and demonstrated that adipocyte GR invalidation
leads to an expansion in fat mass under corticosterone exposure associated with improved
carbohydrate and lipid profiles. Moreover, AdipoGR-KO mice exhibited enhanced insulin
sensitivity, selectively restricted to AT. The main finding of our study is that adipocyte GR is a

major determinant of AT expansion and is a key mediator of GC-induced metabolic dysregulations.

To our knowledge, only two studies have investigated the effects of GC administration on the
metabolic phenotype of mice with a constitutive adipocyte GR invalidation model using either
corticosterone (18) or dexamethasone (18, 20). Although very similar animal models were used,
the metabolic phenotype diverged between both studies. A corticosterone treatment (10 mg/ kg of
body weight in tap water) was used by Bose et a/ (18) to mimic hypercorticism conditions.
Metabolic phenotyping of AdipoGR-KO mice showed no difference in weight gain, fat pad weight,
hepatic TG content and glucose tolerance as well as insulin resistance compared to WT mice. These
mice were treated with three times less CORT dose than our mice (30 mg/ kg of body weight in
tap water), and treatment started at the age of 6 months against 3.5 months in our study. Thus low-
dose of CORT on older animals may account for the lack of marked metabolic effects. Bose et al
(18) and Shen et al (20) also treated their mice with dexamethasone, a specific synthetic GR agonist,

but leading to conflicting results. While Bose et al (18) showed no major impact of dexamethasone
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treatment (10 mg/kg per day for 2 weeks on 6-month-old mice) on adiposity and metabolic profile
on adipocyte GR-deleted mice (18), Shen et al reported a trend towards increased adiposity with
an improved glucose tolerance and insulin sensitivity in their GR-KO mice compared to WT mice
following GC exposure. Akt phosphorylation was specifically enhanced in skeletal muscle of
AdipoGR-KO mice. These mice were treated with lower doses of dexamethasone (3 mg/kg body
weight for 2 months on 4-month-old mice) (20). The explanations for these discrepancies may rely
on the treatment modalities (dose of dexamethasone, treatment duration, age of animals), which
differ between the two studies. In the present study, AdipoGR-KO mice exhibited obvious
increased adiposity of all fat depots associated with improved insulin sensitivity. In contrast to the
study of Shen et al. (20) which reported an increased insulin sensitivity restricted to skeletal muscle,
we clearly demonstrated that GR deletion in adipocytes improved this signalling pathway
selectively in AT. This suggests that adipocyte GR could represent an important determinant of
whole body insulin sensitivity in AdipoGR-KO mice. A key explanation for these tissue-specific
modulations in insulin sensitivity could be related to our choice of a conditional model of GR-
invalidation, which allowed us to circumvent the phenotypic impact of GR ablation during AT
growth and development. Since several studies have documented that GCs and the GR are key
players of adipose physiology (8), constitutive GR invalidation models used in the previously
published works (16-20) could combine GR pleiotropic effects on both developmental and

metabolic functions of adipocytes.

It is well established that GCs actions are mediated thought GR and MR in AT of rodents. GCs
affinity for the MR is ten-fold higher than for GR (38), and MR gene expression is known to be
elevated in AT of obese rodents (38, 39). In agreement with Shen et al. (20), we did not find any

upregulation of MR mRNA levels nor any of its target genes (SGK1 and PTGDS) in AT of our
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mice suggesting that no adaptive mechanism through the MR pathway was observed in our GR

deficient mice.

Rodent and human obesity are associated with a sub-inflammatory state of AT, with pro-
inflammatory M1 macrophage infiltration (40, 41). In this context, the effects of GCs seem
paradoxical since they induce an AT expansion and disorders in glucose and lipid metabolism, but
also exert potent anti-inflammatory properties (31). In our study, adipocyte GR deletion did not
influence the total number of macrophages, but modulated macrophage polarization in a depot-
dependent manner. The global shift from M1 to M2 macrophage polarization observed in SCAT
and in a less pronounced manner in GAT, fits with the improved metabolic profile of AdipoGR-
KO mice, and suggests that the absence of adipocyte GR protects from an inflammatory phenotype
and the GC-induced related metabolic complications. What could be the mechanisms underlying
these changes in macrophage polarization in GC-treated AdipoGR-KO mice? Several arguments
are in favour of a M2-like shift of macrophage polarization in the AT of AdipoGR-KO mice
following CORT exposure. First, the enhanced local adiponectin mRNA and protein content in
SCAT and GAT of AdipoGR-KO mice may participate to the anti-inflammatory profile in AT and
to the specific improvement in AT insulin sensitivity (42). Second, despite the expansion of AT,
AdipoGR-KO mice exhibited a 2-fold decrease in leptin plasma levels. This is in agreement with
the known direct effect of GCs to increase leptin synthesis and secretion in adipocytes (43). Leptin
modulates a wide range of immune and inflammatory processes, activating monocyte proliferation
and cytokine/chemokine expression (44, 45), macrophage phagocytosis and chemotaxis (46). Thus,
under GC exposure, the lower leptin levels in AdipoGR-KO mice could mitigate macrophage
classical activation and promote a M2 alternative phenotype. Alternatively, due to the increased

lipid esterification and synthesis, AdipoGR-KO mice exhibited lower NEFA plasma levels, which
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are also known to promote M1 polarization (47). Consequently, decreased NEFA and leptin levels
could act in synergy to favour M2 polarization. This illustrates the possibility that expansion of AT
could be associated with a prominent M2-like macrophage phenotype, together with a healthier

metabolic profile.

In our work, several results converge to demonstrate that the adipocyte GR is a major determinant
of AT expandability. First, at a morphological level, the adipocyte GR deletion was associated with
an increased fat deposition. Interestingly, a higher proportion of large adipocytes in AdipoGR-KO
fat mass was only detectable upon refeeding nutritional manipulation, and in a depot-specific
manner since GAT seemed more prone to these genotype-associated cell size variations. Second,
these morphological changes were paralleled by biochemical changes that fit with the increased
insulin sensitivity in AdipoGR-KO mice despite CORT exposure. Experiments performed on
SCAT or GAT explants showed a total or partial rescue of glucose uptake and de novo lipogenesis
in CORT-treated AdipoGR-KO animals, which was in agreement with the increased expression of
genes targeted by the key lipogenic transcription factor SREBPlc. Surprisingly, despite
unmodified isoproterenol-stimulated lipolysis in adipose explants from CORT-treated AdipoGR-
KO mice, FFA re-esterification was clearly induced, participating to lipid storage into adipocytes
and improved plasma lipid profile. All these biochemical events could reflect the combined effect
of the increased insulin sensitivity in AT but also of the absence of GR-mediated actions on its
target genes (48). Finally, at a systemic level, adipocyte GR deletion is also characterized by
changes in fuel utilization, as assessed by circadian variations in respiratory exchange ratio (RER).
The increased preferential carbohydrate oxidation observed in AdipoGR-KO mice mainly occurred
during the dark period. Consequently, this carbohydrate utilization improves glucose homeostasis.

The reorientation of glucose utilization towards AT in AdipoGR-KO mice is sufficient to totally
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prevent liver steatosis induced by CORT and may protect other non-adipose tissues from lipid spill
over. Thus, adipocyte GR could play a key role in the onset and progression of GC-induced liver

steatosis.

In conclusion, our results demonstrate that a conditional adipose-specific GR invalidation protects
from insulin resistance induced by GCs. This is in close relationship with a specific improvement
in AT insulin sensitivity, that favours an expansion of fat depots. The AdipoGR-KO mouse thus
represents a model of AT overexpansion associated with a healthier metabolic phenotype.
Furthermore, this strongly suggests that adipocyte GR is a limiting factor for AT expansion,
contributing to metabolic disorders under GC exposure. A selective modulation of adipocyte GR

expression and/or function is thus a relevant target to counteract the metabolic side effects of GCs.
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592  Table 1: Metabolic parameters of control and CORT-treated mice
Plasma metabolic VEH CORT
parameters wTr AdipoGR-KO wTr AdipoGR-KO

HDL-Chol (mg/dL) 489+ 11.3 44.1+9.3 46.3£10.3 589+129*
LDL-Chol (mg/dL) 48.6 +12.9 16.1 £ 4.1 ** 85.5£26.0# 108.4 £25.4 ##
TG (uM) 3489+ 18.5 320.4 £27.6 477.2 £26.9 ## 400.5 £ 18.1 *#
NEFA (uM) 479.6 £45.4 4322+429 653.7+39.2 # 437.0 £52.8 *
Ketone bodies - - 0.93£0.12 0.48 £0.07 *
(mmol/mL)

593

594

595  Following a 4-week exposure to VEH or CORT, mice were sacrificed. Plasma samples were

596  collected from overnight fasted mice and then examined for the indicated metabolic parameters.

597  Results represent means £ SEM (n=4-9). * P <0.05; ** P<0.01, AdipoGR-KO versus WT mice;

598 # P <0.05;## P<0.01, CORT versus control (VEH) mice.

599

600

601

602
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Legends

Figure 1: Adipocyte GR deficiency leads to an increased adiposity under corticosterone
treatment

Eighteen-week-old mice were analyzed after a 4-week exposure to vehicule (VEH) or
corticosterone (CORT). (A) Mice body weight gain during the 4-week-treatment (n=12/group). (B)
Fat and lean body mice composition as determined by DEXA analyzer of WT and AdipoGR-KO
mice (n=6/group). (C-E) Mice tissues were dissected and weighted. Subcutaneous (SCAT),
gonadal (GAT) and perirenal (PAT) adipose tissues (C), liver (D) and posterior leg skeletal muscles
(E) weight are presented as percentage of total body weight of AdipoGR-KO and WT mice (n=6-
12/group). (F, left panel) Respiratory exchange ratio (RER) measured by calculating oxygen
consumption and carbon dioxide production over a 24-hour period in CORT-treated WT and
AdipoGR-KO mice through an indirect calorimetry apparatus. (F, right panel) Mean of RER
presented 24-h period or per 12-h period of daylight or night (n=6/group). Data are presented as
the mean +/- SEM; * P <0.05; ™ P <0.01; "™ P <0.001, for AdipoGR-KO versus WT mice. # P

<0.05; ## P <0.01, for CORT versus VEH-treatment.

Figure 2: Adipocyte GR deficiency improves insulin sensitivity specifically in adipose tissues
of CORT-treated mice

Dynamic tests were performed on 18-week-old mice treated either with VEH or CORT for 4-weeks
(n=12/group). (A) For OGTT, glucose was administrated by oral gavage (1 g/kg body weight) in 5
h-fasted mice. Glycemia was determined at indicated times (left panel). Area under the curve

(AUC) of the OGTT is presented on the right panel. (B) For ITT, insulin was administrated by I.P.
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injection (1 Ul’kg body weight) in 5 h-fasted mice. Glucose levels were determined at indicated
times (left panel) and AUC presented on the right panel. (C) Plasma insulin levels were obtained
from whole-tail vein blood sampled at baseline and 15 min after glucose administration. (D)
HOMA-IR index was calculated from fasting insulin and fasting glucose levels. (E-F) Insulin pulse
was performed on mice after VEH or CORT exposure. Mice were I.P. injected by 1.5 Ul/kg of
insulin and sacrificed 10 minutes later. Representative Western Blots (E) and quantifications (F)
of insulin-stimulated phosphorylation of Akt/total Aktin SCAT and GAT adipose tissues, liver and
skeletal muscle of AdipoGR-KO and WT mice (n=6/group). Data represent the mean +/- SEM; * P
<0.05; ** P <0.01, for AdipoGR-KO versus WT mice; # P <0.05; ## P <0.01; ### P <0.001, for

CORT versus VEH-treatment.

Figure 3: Adipocyte GR deficiency favors M2-like macrophage polarization in adipose tissue
of CORT-treated-mice

(A-C) Flow cytometry analysis of macrophages isolated from SCAT and GAT of CORT-treated
WT and AdipoGR-KO mice (n=6/group). (A) Percentages of F4/80+/CD11b+ macrophages in
SCAT (left panel) and GAT (right panel). (B-C) Percentage of M1-like and M2-like macrophages
(with CD11¢/CD206 markers) (B) and of M1-like and M2-like macrophages (with NOS2/CD206
markers) (C) in gated population from F4/80+/CD11b+ macrophages in SCAT (left panel) and
GAT (right panel) of WT and AdipoGR-KO mice. Data represent the mean +/- SEM; * P <0.05; ™

P <0.01, for AdipoGR-KO versus WT mice.

Figure 4: Adipocyte GR deficiency alters lipid metabolism enzymes content in adipose tissues

of CORT-treated mice

30

Page 30 of 55



Page 31 of 55

650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671

672

Diabetes

Gene expression and protein content analysis were performed on 18-week-old mice treated with
CORT for 4-weeks (n=6/group). (A-B) Relative gene expression of key enzymes of lipogenic and
esterification pathways was determined by RT-qPCR in subcutaneous (SCAT) (A) and gonadal
(GAT) (B) adipose tissues of refed AdipoGR-KO and WT mice (n=6/group). (C-D) Relative gene
expression of key enzymes of lipolysis, ATGL and HSL, determined by RT-qPCR in total SCAT
and GAT of fasted AdipoGR-KO and WT mice (n=6/group). (E-F) A representative Western Blot
(upper panel) and quantification (lower panel) of key enzymes of lipolysis: ATGL and
phosphorylated HSL/total HSL ratio in SCAT (E) and GAT (F) of overnight fasted AdipoGR-KO
and WT mice. The 36B4 protein was used as loading control. Data represent the mean +/- SEM; *

P <0.05; ** P <0.01, for AdipoGR-KO versus WT mice.

Figure 5: Metabolic responses of adipose tissue explants from AdipoGR-KO and WT mice

Eighteen-week-old mice were sacrificed after a 4-week exposure to VEH or CORT. Subcutaneous
(A, C, E, G, I) and gonadal (B, D, F, H, J) fat pad explants were isolated and then tested for
different metabolic activities as described in Materials and Methods (n=3-6/group). (A-B)
Radiolabeled-2-deoxyglucose incorporation was performed in the presence or the absence of
insulin (Ins, 100 nM) (n=6/group). (C-D) De novo lipogenic flux was performed in the presence or
the absence of insulin (Ins, 100 nM) by using radiolabeled [!4C]-glucose. Radiolabeled lipids were
extracted and counted. (E-F) Lipolytic activity was tested in the absence or the presence of
isoproterenol (IPR, 1 uM). Glycerol released into the media was measured. (G-H) Radiolabeled
pyruvate incorporation evaluates the amount of free-fatty acids (FFA) esterified and incorporated
into triglycerides (TG) during a 1-h lipolytic period. Glucose transport, lipogenesis, lipolysis and

reesterification actitivities were expressed as nmol/mg of AT/h and then arbitrary normalized to 1
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from VEH-treated WT mice. (I-J) Glyceroneogenic index measured ratio of FFA versus glycerol
released in the culture media. FFA/glycerol values correspond to the means of the ratios determined
in each animal. Data represent the mean +/- SEM; * P <0.05; ** P <0.01; " P <0.001, for AdipoGR-

KO versus WT mice; # P <0.05; ## P <0.01; ### P <0.001, for CORT versus VEH treatment.

Figure 6: Adipocyte GR deficiency leads to adipocyte hypertrophy in gonadal adipose tissue
of CORT-treated mice

Eighteen-week-old mice were sacrificed after a 4-week CORT exposure under fed and refed
conditions (n=3-4/group). SCAT (A, C) and GAT (B, D) fat pads from CORT-AdipoGR-KO and
WT mice were isolated for histomorphological analysis as described in Materials and Methods.
Distribution of cell surfaces was determined in AT of AdipoGR-KO and WT mice under fed (A,
B) and refed (C, D) conditions. »? analysis was carried out for statistical differences in adipocyte

surface distribution between AdipoGR-KO and WT mice.

Figure 7: Adipose specific GR invalidation prevents CORT-induced-hepatic steatosis

Eighteen-week-old mice were sacrificed after a 4-week exposure to VEH or CORT under refed
and fasted conditions (n=6/group). (A) Hematoxylin/eosin staining of liver sections from WT and
AdipoGR-KO mice and (B) liver TG content. (C-D) Relative mRNA content of key enzymes of
lipid and glucose metabolism as determined by RT-qPCR in liver of refed- (C) and fasted- (D)
AdipoGR-KO and WT mice. Data represent the mean +/- SEM. * P<0.05; ** P<0.01, for AdipoGR-

KO versus WT mice; ## P<0.01, for CORT versus VEH treatment.
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Figure 1: Adipocyte GR deficiency leads to an increased adiposity under corticosterone treatmentEighteen-
week-old mice were analyzed after a 4-week exposure to vehicule (VEH) or corticosterone (CORT). (A) Mice
body weight gain during the 4-week-treatment (n=12/group). (B) Fat and lean body mice composition as
determined by DEXA analyzer of WT and AdipoGR-KO mice (n=6/group). (C-E) Mice tissues were dissected
and weighted. Subcutaneous (SCAT), gonadal (GAT) and perirenal (PAT) adipose tissues (C), liver (D) and
posterior leg skeletal muscles (E) weight are presented as percentage of total body weight of AdipoGR-KO
and WT mice (n=6-12/group). (F, left panel) Respiratory exchange ratio (RER) measured by calculating
oxygen consumption and carbon dioxide production over a 24-hour period in CORT-treated WT and
AdipoGR-KO mice through an indirect calorimetry apparatus. (F, right panel) Mean of RER presented 24-h
period or per 12-h period of daylight or night (n=6/group). Data are presented as the mean +/- SEM; * P
<0.05; ** P <0.01; *** P <0.001, for AdipoGR-KO versus WT mice. # P <0.05; ## P <0.01, for CORT
versus VEH-treatment.
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Figure 2: Adipocyte GR deficiency improves insulin sensitivity specifically in adipose tissues of CORT-treated
mice Dynamic tests were performed on 18-week-old mice treated either with VEH or CORT for 4-weeks
(n=12/group). (A) For OGTT, glucose was administrated by oral gavage (1 g/kg body weight) in 5 h-fasted
mice. Glycemia was determined at indicated times (left panel). Area under the curve (AUC) of the OGTT is
presented on the right panel. (B) For ITT, insulin was administrated by I.P. injection (1 UI/kg body weight)
in 5 h-fasted mice. Glucose levels were determined at indicated times (left panel) and AUC presented on the
right panel. (C) Plasma insulin levels were obtained from whole-tail vein blood sampled at baseline and 15
min after glucose administration. (D) HOMA-IR index was calculated from fasting insulin and fasting glucose
levels. (E-F) Insulin pulse was performed on mice after VEH or CORT exposure. Mice were I.P. injected by
1.5 UI/kg of insulin and sacrificed 10 minutes later. Representative Western Blots (E) and quantifications (F)
of insulin-stimulated phosphorylation of Akt/total Akt in SCAT and GAT adipose tissues, liver and skeletal
muscle of AdipoGR-KO and WT mice (n=6/group). Data represent the mean +/- SEM; * P <0.05; ** P
<0.01, for AdipoGR-KO versus WT mice; # P <0.05; ## P <0.01; ### P <0.001, for CORT versus VEH-
treatment.
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Figure 3: Adipocyte GR deficiency favors M2-like macrophage polarization in adipose tissue of CORT-treated-
mice (A-C) Flow cytometry analysis of macrophages isolated from SCAT and GAT of CORT-treated WT and
AdipoGR-KO mice (n=6/group). (A) Percentages of F4/80+/CD11b+ macrophages in SCAT (left panel) and
GAT (right panel). (B-C) Percentage of M1-like and M2-like macrophages (with CD11¢c/CD206 markers) (B)

and of M1-like and M2-like macrophages (with NOS2/CD206 markers) (C) in gated population from

F4/80+/CD11b+ macrophages in SCAT (left panel) and GAT (right panel) of WT and AdipoGR-KO mice. Data

represent the mean +/- SEM; * P <0.05; ** P <0.01, for AdipoGR-KO versus WT mice.
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Figure 4: Adipocyte GR deficiency alters lipid metabolism enzymes content in adipose tissues of CORT-
treated mice Gene expression and protein content analysis were performed on 18-week-old mice treated
with CORT for 4-weeks (n=6/group). (A-B) Relative gene expression of key enzymes of lipogenic and
esterification pathways was determined by RT-qPCR in subcutaneous (SCAT) (A) and gonadal (GAT) (B)
adipose tissues of refed AdipoGR-KO and WT mice (n=6/group). (C-D) Relative gene expression of key
enzymes of lipolysis, ATGL and HSL, determined by RT-qPCR in total SCAT and GAT of fasted AdipoGR-KO
and WT mice (n=6/group). (E-F) A representative Western Blot (upper panel) and quantification (lower
panel) of key enzymes of lipolysis: ATGL and phosphorylated HSL/total HSL ratio in SCAT (E) and GAT (F) of
overnight fasted AdipoGR-KO and WT mice. The 36B4 protein was used as loading control. Data represent
the mean +/- SEM; * P <0.05; ** P <0.01, for AdipoGR-KO versus WT mice.
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Figure 5: Metabolic responses of adipose tissue explants from AdipoGR-KO and WT miceEighteen-week-old

mice were sacrificed after a 4-week exposure to VEH or CORT. Subcutaneous (A, C, E, G, I) and gonadal (B,

D, F, H, J) fat pad explants were isolated and then tested for different metabolic activities as described in
Materials and Methods (n=3-6/group). (A-B) Radiolabeled-2-deoxyglucose incorporation was performed in
the presence or the absence of insulin (Ins, 100 nM) (n=6/group). (C-D) De novo lipogenic flux was
performed in the presence or the absence of insulin (Ins, 100 nM) by using radiolabeled [14C]-glucose.
Radiolabeled lipids were extracted and counted. (E-F) Lipolytic activity was tested in the absence or the
presence of isoproterenol (IPR, 1 [OM). Glycerol released into the media was measured. (G-H) Radiolabeled
pyruvate incorporation evaluates the amount of free-fatty acids (FFA) esterified and incorporated into
triglycerides (TG) during a 1-h lipolytic period. Glucose transport, lipogenesis, lipolysis and reesterification
actitivities were expressed as nmol/mg of AT/h and then arbitrary normalized to 1 from VEH-treated WT
mice. (I-]) Glyceroneogenic index measured ratio of FFA versus glycerol released in the culture media.
FFA/glycerol values correspond to the means of the ratios determined in each animal. Data represent the
mean +/- SEM; * P <0.05; ** P <0.01; *** P <0.001, for AdipoGR-KO versus WT mice; # P <0.05; ## P
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<0.01; ##4# P <0.001, for CORT versus VEH treatment.
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Figure 6: Adipocyte GR deficiency leads to adipocyte hypertrophy in gonadal adipose tissue of CORT-treated
miceEighteen-week-old mice were sacrificed after a 4-week CORT exposure under fed and refed conditions
(n=3-4/group). SCAT (A, C) and GAT (B, D) fat pads from CORT-AdipoGR-KO and WT mice were isolated for
histomorphological analysis as described in Materials and Methods. Distribution of cell surfaces was
determined in AT of AdipoGR-KO and WT mice under fed (A, B) and refed (C, D) conditions. [J2 analysis was
carried out for statistical differences in adipocyte surface distribution between AdipoGR-KO and WT mice.
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Figure 7: Adipose specific GR invalidation prevents CORT-
were sacrificed after a 4-week exposure to VEH or CORT under refed and fasted conditions (n=6/group). (A)
Hematoxylin/eosin staining of liver sections from WT and AdipoGR-KO mice and (B) liver TG content. (C-D)
Relative mRNA content of key enzymes of lipid and glucose metabolism as determined by RT-gPCR in liver of
refed- (C) and fasted- (D) AdipoGR-KO and WT mice. Data represent the mean +/- SEM. * P<0.05; **
P<0.01, for AdipoGR-KO versus WT mice; ## P<0.01, for CORT versus VEH treatment.
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Online-Only supplemental material

Supporting Information:

Nutritional challenges, body mass composition and indirect calorimetry measurements

All animals were housed with a 12 hours /12 hours light/dark cycle (8am-8pm) and had free access
to water and standard chow diet (LASQCdiet® Rodl16-R, LASvendi, Soest, Germany). For
nutritional challenges, mice were sacrificed either after 24-hour-fasting, or refeeding (fasted for 24
h and then fed on a chow diet for 18 h), or under fed conditions. Different organs and tissues were
dissected, rapidly frozen in liquid nitrogen, and kept at -80 °C.

Body mass composition was analyzed using an EchoMRI 100 Whole Body Composition Analyzer
(EchoMRI, Houston, TX) according to the manufacturer's instructions (1). For measurement of
food intake, spontaneous locomotor activity, energy expenditure, respiratory exchange ratio (RER)
and fatty acid (FA) oxidation, each mouse was placed for 96 h in a LabMaster indirect calorimetry
system after a 48-h acclimatization (TSE Systems GmbH, Bad Homburg, Germany) as described
by Joly-Amado ef a/ (2). FA oxydation was calculated from the following equation: fat ox (kcal/h)
= energy expenditure (kcal/h) x (1-RER/0.3) according to (3). Data of calorimetric presented

represent mean of at least 96 h measurement.

Hormonal and biochemical analysis

Extracted liver triglycerides (TGs) were measured with a colorimetric diagnostic kit according to
the manufacturer’s instructions (Triglycerides FS, DiaSys, Grabels, France). Plasma corticosterone
(CORT) was measured by LC-MS as described in Fiet et al. (4), on samples obtained from collected
blood tail vein at 8 am and 8 pm in EDTA-moistened tubes, then centrifuged at 5,000 x g for 10

min before storage at -80°C. Plasma TGs, non-esterified fatty acids (NEFAs), LDL- and HDL-
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cholesterol were assayed using commercial kits (Wako Chemicals USA Inc., Richmond, VA).
Plasma leptin and insulin levels were measured with the mouse immunoassay kit from R&D
systems (Minneapolis, MN) and the Ultra-Sensitive Mouse Insulin ELISA Kit (Crystal Chem,
Downers Grove, IL), respectively. HOMA-IR was calculated according to the formula: fasting
insulin (WU/mL) x fasting glucose (mg/dL) / 405. Plasma ketone bodies were measured on whole-
tail vein blood collected from fasted mice using an automatic FreeStyle Optium Neo Ketone

Monitoring System (Abbott, North Chicago, IL).

Functional analyzes on adipose tissue explants

Functional analyzes were carried out on subcutaneous (SCAT) and gonadal adipose tissue (GAT)
explants collected from WT and AdipoGR-KO mice either treated with VEH or CORT. Glucose
uptake was adapted from (5, 6). Briefly, minced SCAT and GAT explants were incubated in KRH
buffer containing 2 % free fatty acid-bovine albumin serum (FFA-BSA) in the presence or the
absence of insulin (100 nM) for 45 min at 37 °C, before the addition of 0.25 mM of 2-deoxyglucose
and 2 uCi/mL [1-#C]-2-deoxy-D-glucose (Perkin Elmer, Waltham, MA) for 15 min at 37 °C. After
PBS washes, explants were lysed in 500 uL. NaOH (1 M) and pH neutrality was restored by adding
500 uL HCI (1 M). The amount of 2-deoxyglucose internalized in cells was calculated as the
difference between the total amount of [1-“C]-2-deoxyglucose and the amount of non-
phosphorylated [1-*C]-2-deoxyglucose found in supernatants.

Lipogenic activity, FFA re-esterification and lipolysis were adapted from (7). Lipogenic activity
was determined on explants incubated in Krebs-Ringer bicarbonate (KRB) buffer containing 3%
FFA-BSA with [“C]-glucose (2 pCi/mL), 1 mM glucose in the presence or the absence of 100 nM

insulin. Two hours later, adipose tissue (AT) explants were frozen in liquid nitrogen before lipid
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extraction using a simplified method of Bligh and Dyer (8). Radiolabeled TGs incorporated into
the cells were determined by scintillation counting.

For FFA re-esterification, AT explants were incubated in KRB buffer containing 3 % FFA-BSA,
[14C-1]-pyruvate (2 puCi/mL), 0.5 mM pyruvate, and 1 uM isoproterenol. Lipolytic FFA and
glycerol released into the media were measured after 1 hour incubation. Tissue explants were then
frozen in liquid nitrogen before lipid extraction using a simplified method of Bligh and Dyer (8).
The ['*C-1] pyruvate incorporated into the TGs was counted and was used to appreciate the level
of FFA re-esterified during the lipolytic process.

Basal and stimulated lipolysis were determined on tissue explants incubated in KRB buffer
containing 3% FFA-BSA with or without 1 uM isoproterenol under constant agitation. Glycerol
and FFA released into the media was determined using commercial kits (Wako Chemicals USA

Inc., Richmond, VA).

Isolation of adipocyte fraction

SCAT and GAT collected from WT and AdipoGR-KO mice were digested in a solution containing
collagenase A (1 mg/mL) (Roche, Basel, Switzerland) in PBS with 2 % bovine serum albumin
(BSA) (Eurobio, Les Ulis, France) and under agitation for 1 hour at 37°C. The mixture was then
poured through a 150 um nylon filter and the floating adipocytes were separated from the stromal
vascular fraction (SVF) following series of washes with Dulbecco’s Modified Eagle Medium as
described previously (27). Adipocyte supernatants were collected for RNA extraction in 750 uL of
Qiazol Lysis Reagent (QIAGEN, Venlo, Netherlands) and maintained at -20°C until RNA

extraction and gene expression analysis by real-time PCR. Adipocyte fraction was also collected
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for protein content analysis. The floating adipocyte fraction was thus removed and stored at -80°C

until use.

RNA extraction and RT-qPCR analysis

Total RNA from tissues and adipocyte fractions were isolated by Qiazol extraction and purification
using Qiagen RNeasy minicolumns according to the manufacturer’s instructions (Qiagen,
Courtaboeuf, France). For real-time RT-qPCR analysis, 500 ng of total RNA was reverse-
transcribed using the High Capacity cDNA Reverse Transcription kit (Applied Biosystems, Foster
City, CA). cDNA was amplified using specific primers and the SYBR Green PCR Master mix
(Applied Biosystems, Foster City, CA) according to the manufacturer’s instructions. Reactions
were performed using a Light Cycler system (Roche Diagnostics, Meylan, France). Relative gene
expression was determined as arbitrary unit as the ratio of target transcripts to the reference genes,

36B4 and HPRT. Primers sequences are available upon request.

Adipose fraction protein Analysis

Mouse tissues and adipocyte fractions were lysed as described in (9). Equal protein amounts (20
png) were separated by SDS-PAGE, transferred to nitrocellulose membrane and immunodetected
with antibodies listed in supplemental Table 1. Autoradiograms were quantified using an imagel

program (Chemi Genius2 scan, GeneSnap; Syngene, Cambridge, UK).
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Supplemental Table 1: Antibodies

(Danvers, MA)

Antibodies Company dilution

Adiponectin # PA1-054 ; Thermo Fisher Scientific 1:500
(Waltham, MA)

ATGL #2138 ; Cell Signaling Technology 1 :1000
(Danvers, MA)

GR # 12041 ; Cell Signaling Technology 1:1000
(Danvers, MA)

Phosphorylated P-Akt (P-Ser | # sc-7985-R ; Santa Cruz Biotechnology 1:1000

473) (Dallas, TX)

Total Akt # 92728 ; Cell Signaling Technology 1 :1000
(Danvers, MA)

Phosphorylated P-HSL (P- # 4126; Cell Signaling Technology (Danvers, | 1 :1000

Ser 660) MA)

Total HSL #4107 ; Cell Signaling Technology 1:1000
(Danvers, MA)

Total Erk # 91028 ; Cell Signaling Technology 1:1000
(Danvers, MA)

36B4 # ab88872; Abcam (Cambridge, UK) 1:500

Anti-mouse # 70768 ; Cell Signaling Technology 1:10 000
(Danvers, MA)

Anti-rabbit #7074S ; Cell Signaling Technology 1:10 000
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Supplemental figures

Supplemental figure S1: Validation of the AdipoGR-KO mouse model

Eighteen-week-old WT and AdipoGR-KO mice were sacrificed on a fed state (n=6/group). (A)
Relative GR gene expression was determined by RT-qPCR in total subcutaneous (SCAT), gonadal
(GAT), perirenal (PAT) and brown adipose tissue (BAT) of mice. (B) A representative Western
Blot of GR protein content in total (T) and adipocyte fraction (Ad) of SCAT and GAT of AdipoGR-
KO and WT mice. The Erk P42/44 protein was used as a loading control. (C) Relative GR gene
expression was determined by RT-qPCR in non-adipose tissues of AdipoGR-KO and WT mice.
(D) Relative mRNA content of GR target genes: angiotensinogen and 11 3-HSD1 in SCAT, GAT,
PAT and BAT of AdipoGR-KO and WT mice. (E-F) Relative mRNA content of MR (E) and its
target genes (F): SGK1 and PTGDS in SCAT, GAT, PAT and BAT of AdipoGR-KO and WT mice.

Data are presented as the mean +/- SEM; * P <0.05; ** P <0.01, for AdipoGR-KO versus WT mice.
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Supplemental figure S2: Hormonal and energetic parameters of WT and AdipoGR-KO mice
Corticosterone (8am and 8pm) (A) and leptin (B) levels were measured in the plasma of VEH or
CORT-treated mice (n=6/group). (C-F) Food intake (C), locomotor activity (D), energy
expenditure (E), and fatty acid oxidation (F) were measured in CORT-treated WT- and AdipoGR-
KO mice as described in Supplemental Materials and Methods (n=6/group). Data are presented as

the mean +/- SEM; ™ P <0.01, for AdipoGR-KO versus WT mice; ## P <0.01; ### P <0.001, for

CORT- versus VEH-treated WT mice.
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Supplemental figure S3: Expression of GR target genes in adipose tissues of WT and
AdipoGR-KO mice

Eighteen-week-old mice were sacrificed after a 4-week exposure to vehicule (VEH) or
corticosterone (CORT) (n=6/group). Relative mRNA content of GR target genes: angiotensinogen,
11 3-HSD1 and FKBPS5 in SCAT, GAT, PAT and BAT of AdipoGR-KO and WT mice. Data are

presented as the mean +/- SEM; * P <0.05; ™ P <0.01, for AdipoGR-KO versus WT mice.
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Supplemental figure S4: Cytokine and chemokine gene expression in SCAT and GAT of WT
and AdipoGR-KO mice

Eighteen-week-old mice were sacrificed after a 4-week exposure to corticosterone (CORT)
(n=6/group). Adipocytes were isolated from subcutaneous (SCAT), and gonadal (GAT) adipose
tissues of refed-AdipoGR-KO and WT mice. Relative mRNA content of anti-inflammatory (IL-10,
IL-1Ra) (A) and pro-inflammatory (IL-6, IL-1B, TNFa) (B) cytokines in adipocyte fractions of
SCAT and GAT of AdipoGR-KO and WT mice. (C) Relative mRNA content of the MCP-1
chemokine in adipocyte fractions of SCAT and GAT from AdipoGR-KO and WT mice

(n=6/group). Data are presented as the mean +/- SEM. ** P <0.01, for AdipoGR-KO versus WT

mice.
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Supplemental figure S5: Adiponectin mRNA and protein content in SCAT and GAT of WT

and AdipoGR-KO mice

Gene expression and protein content analysis were performed on 18-week-old mice treated with

VEH- or CORT for 4-weeks (n=6/group). (A) Relative gene expression of adiponectin determined

by RT-qPCR in total subcutaneous adipose tissue (SCAT) and gonadal adipose tissue (GAT) of

AdipoGR-KO and WT mice (n=6/group). (B) Quantification of Western Blot of the ratio

adiponectin/HSP90 in SCAT and GAT of AdipoGR-KO and WT mice. The HSP90 protein was

used as loading control. Data represent the mean +/- SEM; * P <0.05; ** P <0.01, for AdipoGR-KO

versus WT mice. # P <0.05; ## P <0.01, for CORT versus VEH treatment.
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Supplemental figure S6: Adipocyte volume and number in SCAT and GAT of WT and
AdipoGR-KO mice

Eighteen-week-old mice were sacrificed after a 4-week CORT exposure (n=3-4/group).
Subcutaneous (SCAT) and gonadal (GAT) fat pads from CORT-AdipoGR-KO and WT mice were
isolated for histomorphological analysis as described in Materials and Methods. (A) The mean
adipocyte volume was determined from the distribution of cell surfaces in adipose tissues of
AdipoGR-KO and WT mice under fed (left panel) and refed (right panel) conditions. (B) The
number of adipose cells were determined per gram of SCAT and GAT of AdipoGR-KO and WT
mice under fed (left panel) and refed (right panel) conditions. Data represent the mean +/- SEM;

* P <0.05; ™ P <0.01, for AdipoGR-KO versus WT mice.
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Supplemental figure S7: Gene expression of key adipogenic transcription factors in SCAT
and GAT of WT and AdipoGR-KO mice

Eighteen-week-old mice were sacrificed after a 4-week exposure to corticosterone (CORT)
(n=6/group). Gene expression of the transcription factors CEBPf, CEBPo, CEBP«a and PPARy
was determined by RT-qPCR in subcutaneous (SCAT), and gonadal (GAT) adipose tissues of

refed-AdipoGR-KO and WT mice. Data are presented as the mean +/- SEM.
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