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What is already known about this subject?

The increased mass of visceral fat depot is associated with metabolic risk, while the expansion of subcutaneous fat mass appears neutral or even protective regarding the metabolic risk, both in humans and rodents. Recent studies performed to understand this depot-specific behaviour of adipose tissue revealed differences in developmental lineage of adipocyte as well as in their micro-environment.

With regard to the metabolic risks, most studies have focused primarily on the visceral depot, while only few publications dealt with the elucidation of how increased amounts of subcutaneous depot could be neutral or even beneficial regarding the metabolic effects. Understanding the underlying mechanisms for these differences is of importance in the course of preventing the ongoing obesity and diabetes epidemic. The orphan nuclear factor RORα is involved in several processes that are dysregulated in expanding adipose tissue, such as inflammation, adipogenesis, circadian rhythms and lipid homeostasis. Its role of in the inflammation of adipose tissue thus remains controversial.

What does this study add?

RORα expression impacts the basal inflammation status of adipose tissue: when RORα is inefficient, the level of basal inflammation decreases. Such data confirm a "pro-inflammatory" role of RORα in physiological conditions, very likely because it was shown as a positive actor in the basal transcription of several cytokines.

All along the diet-induced fat expansion in wild-type mice, the inflammation of visceral fat increases (as generally observed in mice and human). Our data show here that, whenever the subcutaneous fat also hypertrophies, its inflammation level decreases. This differential behavior of the fat depots is associated with inverse effect on Insulin sensitivity, thus impacts on the functionality of the fat depot.

We then show that RORα is regulated in obesity in a depot-specific manner and has depot specific function. In response to a western diet (WD), RORα and its target-gene IBα, increases in the stroma vascular fraction (SVF) in the non-adipocyte fraction of subcutaneous fat and not of visceral fat. These findings suggest an anti-inflammatory role for RORα in response to WD, which occurs at the level of stroma vascular fraction of subcutaneous fat, thus possibly participating to the "healthy" expansion of subcutaneous fat.

Introduction

Obesity is characterised by hyperplasic and hypertrophic adipose tissue expansion, which is associated with a chronic low-grade inflammation. An emerging body of research suggests that inflammatory processes that occur within the intra-abdominal adipose tissue depot of humans and rodents are causatively related to many of the symptoms of the metabolic syndrome [START_REF] Nishimura | Adipose tissue inflammation in obesity and metabolic syndrome[END_REF]. This remodelling of adipose tissue inflammatory status is due to infiltration by several immune cell types including macrophages (2), T lymphocytes, natural killer cells and neutrophils [START_REF] Feuerer | Lean, but not obese, fat is enriched for a unique population of regulatory T cells that affect metabolic parameters[END_REF]. The inflammatory adipose tissue releases pro-inflammatory cytokines, such as IL-6, TNFα, IL1β, which impair insulin sensitivity (4).

However, these modifications particularly concern the visceral fat depot, whose increased mass is associated with metabolic risk, while increased subcutaneous fat mass appears neutral or even protective regarding the metabolic risk, both in humans and rodents [START_REF] Porter | Abdominal subcutaneous adipose tissue: a protective fat depot?[END_REF][START_REF] Tran | Beneficial effects of subcutaneous fat transplantation on metabolism[END_REF]. Recent studies performed to understand this depot-specific behaviour of adipose tissue revealed differences in developmental lineage of adipocyte precursors [START_REF] Wang | Tracking adipogenesis during white adipose tissue development, expansion and regeneration[END_REF][START_REF] Chau | Visceral and subcutaneous fat have different origins and evidence supports a mesothelial source[END_REF] as well as in their microenvironment [START_REF] Jeffery | The adipose tissue microenvironment regulates depot-specific adipogenesis in obesity[END_REF]. This implies that the immune cells, besides adipocytes and adipocyte precursors, could also differ according to the fat depot location. With regard to the metabolic risks, most studies have focused primarily on the visceral depot, while only few publications dealt with the elucidation of how increased amounts of subcutaneous depot could be neutral or even beneficial regarding the metabolic effects.

Members of the nuclear hormone receptor family are abundantly expressed in tissues with major metabolic activity, such as adipose tissue, liver and skeletal muscle. In vivo studies have revealed that some of the orphan nuclear receptors regulate the pathophysiology of obesity and insulin resistance (for a review see ref 10). The orphan nuclear factor RORα, for example, is involved in several processes that are deregulated in expanding adipose tissue, such as inflammation, adipogenesis, circadian rhythms and lipid homeostasis (see ref. [START_REF] Fitzsimmons | Retinoid-related orphan receptor alpha and the regulation of lipid homeostasis[END_REF] for a review). A mouse RORα loss-of-function mutantthe staggerer (sg/sg) mice -is protected against high fat diet-induced obesity [START_REF] Lau | The orphan nuclear receptor, RORalpha, regulates gene expression that controls lipid metabolism: staggerer (SG/SG) mice are resistant to diet-induced obesity[END_REF] and related systemic insulin resistance [START_REF] Kang | Transcriptional profiling reveals a role for RORalpha in regulating gene expression in obesity-associated inflammation and hepatic steatosis[END_REF]. The sg/sg mice have a global RORα defect that results in decreased and dysfunctional expression of the two mouse RORα isoforms, RORα 1 and RORα 4. The latter form is predominantly expressed in adipose tissue. These mice are lean and their pre-adipocytes better differentiate to adipocytes in vitro as compared to their wild-type (WT) mice counterparts [START_REF] Duez | Inhibition of adipocyte differentiation by RORalpha[END_REF][START_REF] Ohoka | The orphan nuclear receptor RORalpha restrains adipocyte differentiation through a reduction of C/EBPbeta activity and perilipin gene expression[END_REF]. We recently demonstrated that glyceroneogenesis, a pathway that controls fatty acids homeostasis, is a new target of RORα, thus limiting the storage of lipids into the adipocytes from sg/sg mice [START_REF] Kadiri | The nuclear ROR alpha regulates adipose tissue glyceroneogenesis in addition to hepatic gluconeogenesis[END_REF].

When fed a high-fat (HF) diet, sg/sg mice express a lower level of immune and inflammatory genes in their epididymal fat than WT mice on the same diet (13); a pro-inflammatory role for RORα was presumed in high fat diet-induced inflammation of visceral adipose tissue by these authors. To the contrary, others studies suggested that RORα may have a protective role during acute inflammation of muscle cells and macrophages [START_REF] Delerive | The orphan nuclear receptor ROR alpha is a negative regulator of the inflammatory response[END_REF][START_REF] Kopmels | Evidence for a hyperexcitability state of staggerer mutant mice macrophages[END_REF][START_REF] Kopmels | Interleukin-1 hyperproduction by in vitro activated peripheral macrophages from cerebellar mutant mice[END_REF][START_REF] Garcia | Disruption of the NFΚB/NLRP3 connection by melatonin requires retinoid receptor-related orphan recepto α and blocks the septic response in mice[END_REF]. The role of RORα in inflammation thus remains controversial.

Finally, sg/sg mice exhibited increased levels of insulin-stimulated phosphorylated Akt and of glucose uptake in muscle [START_REF] Lau | Homozygous staggerer (sg/sg) mice display improved insulin sensitivity and enhanced glucose uptake in skeletal muscle[END_REF], but the insulin sensitivity (IS) of their adipose tissues has not yet been investigated.

The purpose of the present work was to decipher the role of RORα in adipose tissue inflammation and IS under physiological condition, and in a context of excessive caloric intake. Here, we compared sg/sg mice with their WT littermates, first when fed a standard diet (SD), and after highcarbohydrate and high-fat western diet (WD). Only such an approach allowed a comparison of the diet related-effect on each genotype. We systematically analyzed both visceral (epididymal) and subcutaneous (inguinal) adipose tissues (EAT and IAT) because of their different impact on metabolism.

Material and methods

Animals and tissues. Dr J-L Danan gave us the heterozygous sg/+ mice, which came from Dr J Mariani's laboratory. Homozygous sg/sg mice were obtained by crossing heterozygous mice. All experimental procedures on mice were conducted in accordance with the guidelines of the Charles Darwin Ethics Committee (Ce5/2010/034). Three-month-old male mice were fed ad libitum either with a high-fat, high-carbohydrate 'western' diet (WD) (40% kcal fat and 40% kcal carbohydrates, TD96132, Harlan) or a standard diet (SD) for 12 weeks. After 4h fasting, mice were euthanized by cervical dislocation and adipose tissues removed.

Immunohistochemistry. Adipose tissue samples were fixed in formol and embedded in paraffin.

Sections were then immunostained for CD68 (MCA1957, AbD Serotec). For each mouse, 300-400 adipocytes/macrophages were counted in each fat depot.

RNA extraction, cDNA synthesis and quantitative PCR. Adipose tissue mRNA was extracted by using the RNeasy Lipid Tissue MiniKit (Qiagen), then reverse-transcribed by using the High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems). PCR of the genes of interest was performed using a Light Cycler 480 Real-Time PCR System (Roche) and the specific primers listed as followed: F4/80: 5'-GCAAGGAGGACAGAGTTTATCGTG-3',5'-CTTTGGCTATGGGCTTCCAGTC-3'; CD68:5'-CCAATTCAGGGTGGAAGAAA-3',5'-CTCGGGCTCTGATGTAGGTC-3'; IL-6: 5'-AGAAGGAGTGGCTAAGGACCAA -3', 5'-ACGCACTAGGTTTGCCGAGTA-3' TNFα: 5'-TCTTTCTCGAACCCCGAGTGA-3', 5'-CCTCTGATGGCACCACCAG-3' IL-1β: 5'-ACACTCCTTAGTCCTCGGCCA-3', 5'-CCATCAGAGGCAAGGAGGAA-3' IL-10: 5'-ACGGCGCTGTCATCGATT-3', 5'-GGCATTCTTCACCTGCTCCA-3' PAI-1: 5'-CTATGCTGACATGACCACAGC-3', 5'-CTGAGCCATCATGGGCACAGAG-3' RORα: 5'-CGTTTGGCAAACTCCACC-3',5'-GATTGAAAGCTGACTCGTTCC -3' Expression of each gene was quantified by cycle threshold values and was normalized to HPRT (hypoxanthine phosphoribosyltransferase) mRNA.

Functional analysis in explants. Adipose tissue was minced into very small pieces (5-10 mg) and incubated overnight in DMEM containing 5mM glucose and 0.5% bovine serum albumin (BSA), then incubated (or not) with 100nM insulin in DMEM containing 17mM glucose for 10 min before western blot analysis or 2-deoxy-D-glucose uptake assay [START_REF] Lau | Homozygous staggerer (sg/sg) mice display improved insulin sensitivity and enhanced glucose uptake in skeletal muscle[END_REF] to evaluate insulin sensitivity. The 48h-culture media were used to measure cytokine secretion (MCP-1/CCL-2, TNF-α, IL-10) by ELISA (Prepotech).

Protein extraction and western blot analysis. Adipose tissue was extracted using Tissue Lyzer (Qiagen). Extracts were centrifuged first at 10,000 rpm and 4°C for 8 min to remove the fat coat, and then at 14,000 rpm and 4°C for 10 min to remove insoluble material. Supernatants were subjected to SDS-PAGE and western blotted with antibodies against pAkT (sc-7985), AkT (sc-8312), RORα (sc-6062), IκBα (sc-1643, Santa-Cruz) or IκBβ (#9248 Cell Signaling).

Adipose tissue sub-fractionation: Fat pads were excised and adipocytes were isolated from the SVF after collagenase digestion (Liberase TM, Roche) as previously described [START_REF] Dusaulcy | Adipose-specific disruption of autotaxin enhances nutritional fattening and reduces plasma lysophosphatidic acid[END_REF].

Statistical analysis.

The data are presented as means +/-SD. Statistical analysis was performed by one-way or two-way ANOVA or by unpaired Student T test; p< 0,05 was considered significant.

Results

Metabolic status and adipose tissue expansion according to the genotype and in response to WD

When fed the SD, the total mass of white adipose tissue in the sg/sg mice was 50% less than in the WT controls. Parallely, their mean adipocyte surface area in IAT and EAT sections was four-fold smaller than that in WT controls (Fig S1), as previously observed [START_REF] Lau | ROR α deficiency and decreased adiposity are associated with induction of thermogenic gene expression in subcutaneous white adipose and brown adipose tissue[END_REF].

When fed the WD, WT and sg/sg mice gained 5g and 2g respectively. This was associated with a relative increase in the white adipose tissue mass of about four-fold in WT mice and two-fold in sg/sg mice, with the same impact on each fat depot. The mean adipocyte area in EAT and IAT from WT and sg/sg mice increased two-and four-fold respectively (Fig S1). WT mice became glucose intolerant and insulin-resistant whereas sg/sg mice were protected against the insulin-resistance induced by our "high-carbohydrate and high-fat" WD (not shown), as also described in response to a 60% high fat diet [START_REF] Kang | Transcriptional profiling reveals a role for RORalpha in regulating gene expression in obesity-associated inflammation and hepatic steatosis[END_REF].

The inflammatory profiles of epididymal and inguinal fat depots differ according to the genotype and in response to WD

To examine the inflammatory status of IAT and EAT in WT and sg/sg mice fed the SD or WD, we measured the mRNA levels of two macrophages markers (F4/80 and CD68), four proinflammatory cytokines (IL6, TNFα, IL1β, PAI-1) and one anti-inflammatory cytokine (IL10) (Fig 1). We evaluated the number of CD68+ cells by immunohistochemistry. We also measured the secretion of the chemokine MCP-1/CCL2 and of two cytokines (TNFα, IL10) by ELISA (Fig 2).

-Compared basal inflammatory status of adipose fat depots in WT and sg/sg mice fed the SD.

When compared to their corresponding WT depots, EAT and IAT of sg/sg mice fed the SD expressed lower amounts of most of the tested markers, when regarding the mRNA level (Fig 1 ) or the chemokine/cytokine secretion (Fig 2). When EAT and IAT were compared in WT mice fed the SD, we observed that the inflammatory status of IAT was globally higher than that of EAT (IAT had higher number of CD68+ macrophages and secretion of CCL2 and expressed higher mRNA levels of TNFα, IL1β and IL10 than the EAT) (Fig S2A ). By contrast, in sg/sg mice fed the SD, the inflammatory status of IAT was not higher than that of EAT (lower mRNA expression of IL1β and PAI-1) (Fig S2A ). Taken together, our data show for the first time that the absence of RORα has an impact on the basal inflammation status of fat depots, and particularly in IAT. These data show that, in WT mice fed the WD, the inflammatory markers increased in EAT while they decreased or plateaued in IAT, whereas the opposite occured in sg/sg mice fed the WD.

Insulin sensitivity of epididymal and inguinal fat depots differs according to genotype and to diet.

To investigate whether these differing inflammatory profiles of adipose tissues in WT and sg/sg mice correlated with differences in insulin sensitivity, we evaluated the ability of insulin to activate the insulin receptor signaling enzyme Akt. We measured the level of activated P-Akt in the absence or the presence of insulin, relative to the total Akt levels, in the two tissue types of both mouse strains fed either the SD or the WD. In sg/sg mice, the insulin sensitivity of both tissues was better than in WT mice and, in both strains fed the SD, we observed a higher level of P-Akt in EAT than in IAT (as illustrated by Fig. 3A), indicating that EAT was more sensitive to insulin than the IAT.

We further assessed these observations by analyzing 2-DOG incorporation in response to insulin as shown in Fig 3B .   When WT mice were fed the WD, the level of insulin-stimulated P-Akt in EAT was lower than in the WT mice on the SD, indicating a diet-increased insulin resistance in EAT (Fig 3C ), whereas in IAT, the response to insulin was improved by the WD regimen (Fig 3D). In the sg/sg mice on the WD, by contrast, insulin sensitivity was maintained in the EAT but decreased in the IAT (see histograms of Fig 3C andD). Thus, there is a direct correlation between insulin resistance and inflammation in the two strains in response to WD. However, it was EAT that became insulin resistant in the WT mice, whereas it was the IAT that exhibited decreased insulin sensitivity in sg/sg mice in response to the WD.

RORα α α

α protein increased in IAT of WT mice fed the WD as well as Iκ κ κ κB protein.

WD resulted in reduced inflammation in IAT of WT mice, this response being lost in IAT of sg/sg mice. We therefore suspected a role for RORα in these differences. To this end, we measured RORα expression in EAT and IAT in WT mice as well as in sg/sg mice maintained on either regimen (Fig. 4A). In SD-fed sg/sg mice, RORα mRNA levels were lower than in WT mice, as expected [START_REF] Lau | The orphan nuclear receptor, RORalpha, regulates gene expression that controls lipid metabolism: staggerer (SG/SG) mice are resistant to diet-induced obesity[END_REF], and they did not change in response to the WD. In SD-fed WT mice, RORα expression was similar in the two fat depots. However, because RORα is a member of the clock "machinery", we checked the circadian variation of the RORα protein. We observed a higher amount of the protein in EAT than in IAT of WT mice fed the SD, with a peak during the dark period ( To reveal where this WD-increased amount of RORα protein took place, we separated adipocytes from the SVF of both fat depots from WT mice fed the SD or the WD. Our data show that both the adipocytes and the SVF expressed RORα protein (Fig 5A). However, in response to WD, there was only an increase of RORα protein in the SVF of IAT, and not of EAT, whereas its amount decreased in adipocytes from both fat depots. Thus, our data show that there is a profound difference in the response of EAT and IAT to the WD, in terms of induction of RORα expression that only occurs in the SVF of IAT. This suggests a WD-induced response of the non-adipocyte fraction, and not of the adipocytes, that is depot-specific of IAT.

Finally, we confirmed that this WD-induced amount of RORα in the SVF of IAT was associated with a depot-specific increase of IκBα (Fig 5B). This confirms a depot-specific role for RORα that could contribute to the protection of diet-induced inflammation by providing an increased amount of an NF-κB inhibitor in the non-adipocyte fraction of IAT.

Discussion

Our investigation offers insights into a new mechanism underlying for the differences in dietinduced expansion of visceral and subcutaneous fat depots and their metabolic consequences. While expansion of the EAT results in its increased inflammation and insulin resistance, as generally observed, our data highlight that expansion of the IAT remarkably differs because it is not only metabolically neutral but associated with decreased inflammation and increased insulin sensitivity.

Elucidating the basis of such an "healthy" expansion of subcutaneous fat is of importance with regards to the prevention of diet-induced metabolic syndrome. In this study, we discover a depotspecific induction of RORα in the IAT of WT mice fed the WD that is associated with an increase of IκB protein, an inhibitor of NFκB-mediated transcriptional activation. Our data suggest that RORα could act as a negative regulator of the diet-induced inflammatory response in the subcutaneous fat depot, where it is expressed by non-adipocyte cells, perhaps contributing to the relative protection of IAT in diet-induced metabolic syndrome.

To mimic the cafeteria-type diet of humans, we choose to feed WT and sg/sg mice a diet that contains equal amounts of carbohydrates and lipids (40%) that we called "western" diet, rather than the often-used HF diet (60% of lipids and very few carbohydrates) that is not representative of any common "human" diet. Twelve weeks of this WD had the expected metabolic consequences for WT mice : increased insulin resistance at the systemic level and fat weight gain. Accordingly, in EAT, the inflammatory response was enhanced and the insulin sensitivity decreased compared to animals on the SD. Surprisingly, we observed that the IAT of WT mice responded inversely to WD than their EAT : the inflammatory status declined and insulin sensitivity increased.

Several reports already mentioned that IAT has a lower inflammatory status than EAT in mice having been fed a HF diet [START_REF] Kosteli | Weight loss and lipolysis promote a dynamic immune response in murine adipose tissue[END_REF][START_REF] Altintas | Mast cells, macrophages, and crown-like structures distinguish subcutaneous from visceral fat in mice[END_REF][START_REF] Strissel | Adipocyte death, adipose tissue remodeling, and obesity complications[END_REF] ; however, a reduced level of inflammation as compared to SD-fed mice was unexpected. For instance, when fat expansion was analyzed all along the HF diet [START_REF] Strissel | Adipocyte death, adipose tissue remodeling, and obesity complications[END_REF], EAT was shown to initiate adipocyte death sooner than IAT; such adipocyte death in EAT being timely linked to the recruitment and /or phenotypic switch of macrophages, AT inflammation and wholebody insulin resistance. However, none of these events were detectable in IAT before 12 weeks of HF diet [START_REF] Strissel | Adipocyte death, adipose tissue remodeling, and obesity complications[END_REF]. Our data confirm similar behavior -a distinct impact of WD diet on EAT and IAT inflammation whereas similarly hypertrophied, but they also bring the new notion that IAT can protect itself against the WD-induced inflammation. This new observation was perhaps allowed by the use, in our study, of a more balanced diet (WD instead of a HF diet).

This WD-induced decrease of inflammation in IAT was detectable because of the higher level of basal inflammatory status of IAT than EAT in WT mice fed the SD (as illustrated in Fig S2).

Accordingly, several investigations performed in mice and rats on chow diet have noticed a higher basal inflammatory status in IAT than in EAT [START_REF] Villena | Adipose tissues display differential phagocytic and microbicidal activities depending on their localization[END_REF][START_REF] Du | Depot-dependent effects of adipose tissue explants on co-cultured hepatocytes[END_REF][START_REF] Tsai | Decreased PPAR gamma expression compromises perigonadal specific fat deposition and insulin sensitivity[END_REF] as well as a higher content of cells not related to the adipocyte lineage in IAT [START_REF] Macotela | Intrinsic differences in adipocyte precursor cells from different white fat depots[END_REF]. For instance, mast cells, that can act as negative as well as positive regulators of immunity [START_REF] Galli | Immunomodulatory mast cells: negative, as well as positive, regulators of immunity[END_REF], are more prevalent in subcutaneous than visceral fat from lean mice [START_REF] Altintas | Mast cells, macrophages, and crown-like structures distinguish subcutaneous from visceral fat in mice[END_REF] as well as from humans [START_REF] Weidner | Evidence for morphologic diversity of human mast cells. An ultrastructural study of mast cells from multiple body sites[END_REF]. Our observation of higher amounts of RORα and IκBα and β protein in EAT than in IAT of SD-fed WT mice could alternatively participate to the lower basal inflammation status of EAT than IAT.

The next addressed question was how IAT actively protects itself against diet-induced inflammation and IR. The observation of an opposite phenomenon in the IAT of sg/sg mice fed the WD suggested us a role for RORα as a possible actor of an anti-inflammatory process in the IAT of WT mice. Accordingly, we found a depot-specific increase of RORα in the IAT of WT mice fed the WD, associated with an increase of a member of the IκB family, IκBβ, an inhibitor of NFκB-mediated transcriptional activation Thus, one can hypothesize that increased RORα expression may exert a protective role in IAT against diet-induced inflammation, as already shown in myocytes and macrophages during acute inflammation [START_REF] Delerive | The orphan nuclear receptor ROR alpha is a negative regulator of the inflammatory response[END_REF][START_REF] Kopmels | Evidence for a hyperexcitability state of staggerer mutant mice macrophages[END_REF][START_REF] Kopmels | Interleukin-1 hyperproduction by in vitro activated peripheral macrophages from cerebellar mutant mice[END_REF][START_REF] Garcia | Disruption of the NFΚB/NLRP3 connection by melatonin requires retinoid receptor-related orphan recepto α and blocks the septic response in mice[END_REF].

We further described that this increased expression of RORα did not happen into the adipocytes, but was located in the SVF, probably in immune cells, in parallel with the increase of its target-gene IκBα. If this is the case, the aim of further work will be to identify which cells are indeed dysfunctional in the IAT of sg/sg vs WT mice fed the WD. Mast cells could be such potential candidate because the production of TNFα and IL-6 was increased dramatically in RORα-/-mast cells after LPS stimulation [START_REF] Dzhagalov | Lymphocyte development and function in the absence of retinoid acid receptor-related orphan receptor α[END_REF]. In that field, our data are in accordance with investigations showing that RORα can negatively regulate cytokine production in response to an aggression by inhibiting the NF-κB pathway [START_REF] Delerive | The orphan nuclear receptor ROR alpha is a negative regulator of the inflammatory response[END_REF]. Very recently, in vitro overexpression of RORα was shown to promote macrophage M2 polarization [START_REF] Xiao | Retinoid acid receptor-related orphan receptor alpha (RORα) regulates macrophage M2 polarization via activation of AMPKα[END_REF]. Finally, our data also suggested that IκBβ, another member of the IκB family, was a new target gene of RORα.

However, we also confirmed the dual role of RORα in inflammatory processes. Indeed, RORα is expressed in resting macrophages and T lymphocytes [START_REF] Dzhagalov | Lymphocyte development and function in the absence of retinoid acid receptor-related orphan receptor α[END_REF] and involved in the basal transcription of several cytokines such as IL6 [START_REF] Journiac | The nuclear receptor ROR(alpha) exerts a bi-directional regulation of IL-6 in resting and reactive astrocytes[END_REF], IL17 [START_REF] Yang | T helper 17 lineage differentiation is programmed by orphan nuclear receptors RORα and RORγ[END_REF], PAI-1 [START_REF] Wang | The orphan nuclear receptor Rev-erba regulates circadian expression of plasminogen activator inhibitor type 1[END_REF] and one chemokine, CCL2 [START_REF] Sato | A circadian clock gene, Rev-erbα, regulates the inflammatory function of macrophages through the negative regulation of ccl2 expression[END_REF] in different kind of immune cells. Accordingly, our analysis of several cytokines expression or amount show for the first time that the basal inflammatory status of each fat depot is greatly lowered in sg/sg mice as compared to WT mice on chow diet, and not only after HF feeding as previously shown [START_REF] Kang | Transcriptional profiling reveals a role for RORalpha in regulating gene expression in obesity-associated inflammation and hepatic steatosis[END_REF]. This decreased basal expression of cytokines is particularly pronounced in IAT and could be related to several missing or dysfunctional immune cells in sg/sg fat depot [START_REF] Dzhagalov | Lymphocyte development and function in the absence of retinoid acid receptor-related orphan receptor α[END_REF][START_REF] Yang | T helper 17 lineage differentiation is programmed by orphan nuclear receptors RORα and RORγ[END_REF][START_REF] Halim | Retinoic-acidreceptor-related orphan nuclear receptorα is required for natural helper cell development and allergic inflammation[END_REF]. In that field, the high insulin sensitivity of adipocytes in sg/sg mice could be also related to their low inflammation environment, in addition to their small size.

In conclusion, the present study suggests a role for RORα in participating to the healthy expansion of inguinal subcutaneous fat in mice and opens a new perspective in the mechanisms underlying the different expansion way of fat depots according to their localization. 

-

  Different inflammatory profiles in fat depots according to WD in the two mouse genotypes As expected, WD increased the inflammation of EAT in WT mice as compared to SD : higher amount of F4/80, IL6, IL10 and PAI-1 mRNAs (Fig 1A') and about a two-fold increase of the number of CD68+ macrophages (Fig 2A) and of CCL2 secretion (Fig 2B) together with increased secretion of TNFα and IL10 (not shown). However, in IAT, the expression of the majority of inflammatory markers was decreased by WD (Fig 1B'), as well as the number of CD68+ macrophages (Fig 2A) and the amount of secreted CCL2 (Fig2B). By contrast, in sg/sg mice, WD increased the inflammatory status of IAT (Fig 1B'), but not of EAT (Fig 1A'). These data were confirmed by the observation of an increased secretion of CCL2 (Fig2B) and of TNFα and IL10 (Fig 2C) by IAT from sg/sg mice fed the WD vs fed the SD.

  Fig 4B). When WT mice were fed the WD, RORα expression did not change in the EAT but, by contrast, markedly increased in the IAT when compared to the same tissue in SD-fed WT mice (Fig 4A). This was confirmed by checking the amount of RORα protein that increased in IAT of WT mice in response to WD (Fig 4C). IκBα protein, an inhibitor of NF-κB-mediated transcriptional activation, being shown to be a target gene of RORα (17), we first checked if this WD-induced amount of RORα in the SVF of IAT was associated with a depot-specific increase of the IκB family. Our data indeed show that WD increased IκBβ protein in the IAT of WT mice (in parallel with the increase of RORα) and not, in EAT (Fig 4D).
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 1 Figure 1: The inflammatory profiles of epididymal and inguinal fat depots differ according to the
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 4 Figure 4: RORα α α α increased in IAT of WT mice fed the WD in a depot-specific manner
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 5 Figure 5: RORα α α α and Iκ κ κ κBα α α α increased in the stroma vascular fraction (SVF) of WT mice fed the WD.
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