J2i #QHB+ 2M/QiQt2KB /B 2+iHv BM+ 2
T QHB72 iBOQM Q7 /BTQ+vi2 T 2+m bQ b
K2i #QHB+ /Bb2 b2b i? Qm;? *RO@/2T2
K2+? MBbKX
1HQ/B2 Gm+?2-"0 i'B+2 *QmbBM- Gm+BH2 : "B/Qm-J
*Q'BMM2 " "2 m-JB 2BHH2 M/ 0- S?BHBTT2 o H2i-
* Di2BHH - 2i HX

hQ +Bi2 i?Bb p2 " bBQM,

1HQ/B2 Gm+?2- "0 i'B+2 *QmbBM- Gm+BH2 : "B/Qm- J ii2Q a2 BMQ-
2M/QiQt2KB /B 2+iHv BM+'2 b2b i?2 T'QHB72  iBQM Q7 /BTQ+vi2 T
/Bb2 b2b i?2°Qm:;? * RO@/2T2M/2Mi K2+? MBbKXX  JQH J2i #- k
IRYyXRYRefDXKQHK2iXkyRjXyeXyy8=X IBMb2 K@yyNN3y9j=

> G A/, BMb2 ' K@yYyyNN3y9j
2iiT,ffrrrX? HXBMb2 KX7 fBMb2 K@YYyNN3y9j

am#KBii2/ QM k CmM kyR9

> G Bb KmHiB@/Bb+BTHBM v GOT24WB p2 Dmbp2 "i2 THm B/BbBIBTHBN
"+?Bp2 7Q i?72 /2TQbBi M/ /Bbb2KIBEBMBR MNQ@T™+B2® " H /BzmbBQM /2 /
2MiB}+ "2b2 "+?2 /Q+mK2Mib- r?2i?@+B2MMiB}2mM2b#/@ MBp2 m "2+?22 +?22- T
HBb?2/ Q° MQiX h?2 /IQ+mK2Mib MK VW+RK2Z2EF IQKHBbb2K2Mib /62Mb2B;M
i2 +?BM; M/ "2b2 "+? BMbiBimiBQWER BM?8 7M#M2I @b Qm (i~ M;2 b- /2b H
#Q /-Q 7 QK Tm#HB+ Q T ' Bp i2T2HRAB+B @2MT2BIpXib X


http://www.hal.inserm.fr/inserm-00998043
https://hal.archives-ouvertes.fr

i

Original article MOLECULAR
METABOLISM

Metabolic endotoxemia directly increases the () cesex
proliferation of adipocyte precursors at the onset

of metabolic diseases through

a CD14-dependent mechanism

Elodie Luche, Pht?, Beatrice Cousir*>®, Lucile Garidou, PhB? Matteo Serino, PhB?, Aurdie Waget'?,
Corinne Barreau, PHE >, Mireille Andre®#, Philippe Valet'?, Michael Courtney, Louis Casteilla®*>*®,
Remy Burcelin, PhB?*

ABSTRACT

Metabolic endotoxemia triggeasnmation, targets cells from the stroma-vascular fraction of adipose depots, and metabolic disease. To identi
these cells we here infused mice with lipopolysaccharides and showed by FACS analyses and BrdU staining that the number of small subct
adipocytes, preadipocytes and macrophages increased in wild type but not in CD14-knockout (KO) mice. This mechanism was direct <
CD14KO mice grafted subcutaneously and simultaneously with fat pads from CD14KO and wild-type mice the concentration of cytokine mF
increased in the wild-type fat pad only. Conversely, the mRNA concentration of genes involved in glucose and lipid metabolism and the nu
large adipocytes was reduced. Eventually, a pretreatment with LPS enhanced HFD-induced metabolic diseases. Altogether, these results <
metabolic endotoxemia increases the proliferation of preadipocytes through a CD14-dependent mechanism directly, withowerecruiting CD14

cells from non-adipose depot origin. This mechanism could precede the onset of metabolic diseases.
& 2013 The Authors. Published by Elsevier GmbH. All rights reserved.

Keywords Metabolic endotoxemiaaimmation; Gut microbiota; LPS; Adipose tissue

1. INTRODUCTION metabolic endotoxemia directly triggers adipose depoiation,
development and metabolic disease are unknown. Previous data led to
Intestinal microbiota is now considered as a veritable orgéme thgpothesis that metaboli@animation originates from bone
regulates energy metabolidrB] and is causally involved marrow intrating cell§21,28]. Inammatory factors, including free
metabolic diseasgs5]. Recent data have revealed a close assfatig-acids [29] were initially proposed to activate TLR4-expressing
tion between intestinal microbiota, adipose tissue biology [Bh@oghages and triggeammation in adipose depot. However, we
obesity7,8]. We, and further coned by others, showed that tliemonstrated, using functional analyses and microarray technology,
blood concentration of lipopolysaccharides (LPS), componentshiainadigocyte progenitors and macrophages were characterized by a
outer membrane of gram negative bacteria, is increased by fexoéeg ayenome and phenotyd@®a1] suggesting that adipose-
fat-enriched diet in humghrd.1] and in micé.2,13] thus dening a resident cells are sensitive to endotoxemia and could be involved in the
state of metabolic endotoxemia. Elevated LPS levels are asdunigiesiobserved in adipose tissue. Hence, we here suggest that both
with increased adipose tissue mass in the mouse [13] and inihutrsting and resident cells are involved in the processes character-
[14] that could be related to the observed chronic low igiaglenetabolic mmmation in adipose tissue. This process would be
in ammation[15-17] involving both macropha@E3-23] and tightly dependent on changes in intestinal microbiota and consequently
lymphocyte§l§24-26]. Recent data provide further evidenceoricthe production of bacterial fragments such as LPS. Therefore, we
the importance of LPS and its receptor system CD14/TLR4 onddRBek to determine whether LPS could directly target CD14
induced obesity [27]. Howeveiinthiyanechanisms through whickxpressed by adipose tissue resident cells ras siep in the
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generation of iammation, which cells were targeted, and whe#tagrent (Roche, Basel, Switzerland). PCRs were performed using a
this process enhanced high-fat diet-induced metabolic diseasAbiPriEs 7900 Sequence Detection System instrument and software
process could directly control the proliferation and biology of @ppbsd Biosystems, Foster City, CA, USA), as previously described [1
precursors. The concentration of each mRNA was normalized for RNA loading fc

each sample using RPL19 rRNA as an internal standard. Primer

sequences for the targeted mouse genes are available upon reques
2. MATERIALS AND METHODS Supp|ementary Table 1.

2.1. Animals and treatments 2.3. Adipose tissue morphometry, F4/80 and BrdU staining
Twelve-week-old C57bI6/J male mice (Charles River, France) angh&REmbedded hematoxylin and eosin counterstained sections were
mutant male mice (Jackson laboratory, Bar Harbor, ME) brggfyrled. The size of the adipocytes was assessed using image
C57bl/6J background were housed in a controlled environment &ﬁa@)’igfi software (Image J). The number of adipocytes was then
12-h daylight cycle, lights off at 10:00 am) with free access to fo@lsapehi according to their sime?), which was estimated by a point-
water. In arst set of experiments mice were fed with either a negiidling, and expressed as the percentage of the total population
chow diet (NC, energy content: 12% fat, 28% protein, andofffd, as described previously [13]. The total count ranged from 193¢
carbohydrate, A04, Villemoisson sur Orge, France) or a {3ig»f@f cells per condition. F4/80 staining was carried out as follows.
carbohydrate-free diet which spaty induces metabolic endotoxemifianolxed, parah-embedded adipose tissue sections were de-
(HFD, energy content: 72% fat, 28% protein kndcarbohydrate)yarafnized and rehydrated. Sections were blocked in normal serum and
for 4 weeks, as previously descriig32,33]. In some micegncubated overnight with primary rat anti-mouse F4/80 monoclonal
metabolic endotoxemia was mimicked by infusing low rates £tibB&y (1/1000; Serotec, Oxford, U.K.). Endogenous peroxidase activ
through implanted osmotic mini-pumps, as described [13] (Alzg{A4og€énched by incubation with 3% hydrogen peroxide for 20 min.
2004; Alza, Palo Alto, Ca). The pumps ledreither with NaClsecondary antibody staining was done using goat anti-rat biotinylated I
(0.9%) or LPS (fréscherichia Coli 055:B5i§ma, St. Louis, MO) t&h (1/500, 30 min, room temperature) and streptavidin horseradish
infuse 300y kg * day * for 4 weeks. A subset of these treated mgfoxidase conjugated (1/500, 30 min, room temperature) and detecte
was used to study theuence of LPi vivo(osmotic pumps) ofyith 3,3-diaminobenzidine. Sections were counterstained with hema-
adipose precursor cell proliferation (Figure 1E and F). These migg/ie&dsin before dehydration and cover-slip placement. The numbe
treated with BrdU (100 mg/kg i.p. Sigma, St Louis, MO) every 45 h£8d positive cells per microsagavas counted and divided by

2 weeks later were fed a HFD (Figure 1G). the total number of adipocytes in the sections. Fivelts i@ere

In a second set of eXperimentS, the direct role of LPS/CD14 Wag&yH%@Fjper Samp|e_ BrdU Staining was performed onxeman0|_

in CD14KO mice that were grafted with approximately 100y@&fRfembedded adipose tissue sections that were deézpdraf

2 subcutaneous fat pads, one from a 12-week old wild-type (Wgieiiated and permeabilized to allow the binding of anti-BrdU
and the other from a CD14KO donor (Supplementary Data 1)piftihyilted antibody. A horseradish peroxidase coupled streptavidi

incision was made in the middle of the back skin and the two fjfaadsed to detect the bound antibodies as described (BD Pharminger
were symmetrically grafted towards each side of the animal gRgoth®o, CA, USA).

incision was then sutured. Osmotic mini-pumps delivering NaCl or LPS

were implanted for 4 weeks. At completion of the treatment themiggeasurement of body composition by nuclear magnetic resonancs
were sacrced, the stroma vascular fraction of the adipose #gBQ$ody composition of the mice, including the fat and lean masses,

isolated and studied by FACS analysis or by immunohistocherigtanalyzed by NMR using EchoMRI-100TM equipment (Echo Medic
In a subset of mice we grafted fat pads from wild type (geggttegs, Houston, Texas).

CD45.1) mice under the skin of CD14KO (genotype CD45.2) and fed a
HFD for 1 month. FACS analyses have been performed on the graftedftion of the stroma vascular fraction (SVF)

pads to identify the colonization by the host cells i.e. % of CD45¢igiydre isolated according to Bjorntorp et al. with micationsdi
CD45.2 over the total number of cells from the stroma vascular[fgggt%, the grafted fat pads were digested 16 B7phosphate
(Supplementary data 2-H). buffered saline containing 0.2% bovine serum albumin and 2 mg/ml
In a third group of experiments to analyze tieecen of LPScollagenase for 30 min (collagenase A, Roche Diagnostics, Meylar
pretreatment on the onset of metabolic diseases mice were feﬂrgn@'@( After elimination of undigested fragmémegidny through

which induces both hyperglycemia and body weight gain. Thisg¥ginfaters, adipocyte fractions were separated from the pellets of the
and carbohydrate diet (HFCD) containing 45% fat, 20% proteifignfidascular fraction (SVF) by centrifugatiog, (BD@nin). SVF

35% carbohydrates (Research diets laboratory), was given for &Néegkse incubated for 5 min in a buffer to hemolyse red blood cells
after the LPS-pretreatment. This diet induces obesity and @4eqs®ol/l NBI and 20 mmol/l Tris, pH 7.6), washed, and centrifuged
intolerance over the course -&f Bonths. At completion of thg pBS. The number of isolated SVF cells was then counted with cel
treatment the mice were saed and FACS analysis or immunofésnter (Coulter Z2). SVF cells were either used éytometry

tochemistry was performed on the adipose depots. analyses or plateuvitro
All the animal experimental procedures were approved by the local
ethical committee of the Rangueil Hospital. 2.6. Cell phenotyping
Cells isolated from the adipose depots were analgzedybgmetry
2.2. Quantitative real-time PCR (FACS). Freshly isolated SVF cells were stained in staining buffe

The concentrations of TNE-1, PAI-1, MCP-1, MIF, OSN, GLW®b4sisting of phosphate-buffered saline containing 0.5% fetal calf serun
HKIl, FAS, ChREBP, PRAR aP2 mRNA were evaluated aoyl FcR Blocking reagent (BD Biosciences). Cells were incubated wil
quantitative RT-PCR analysis. Total mRNA was extracted usiranfiifwree monoclonal antibodies (mAb) or rat immunoglobulins
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(isotypes) conjugated with FITC, phycoerytricin, PercP or allophfkigoyanii). Importantly, no difference was observed in the lipolysis
for 30 min at 4C. Triple staining was performed by incubatingragds of WT and CD14KO adipocytes (not shown). We then analyzed by
with antibodies directed against cell surface antigens labeled wWiAGCIgake impact of LPS infusion on the cell types present in the stroma
such as FITC, phycoerytricin, PercP in one step to charactedseulae fraction (SVF). LPS treatment increased the total cell number
different cell populations. Cells were washed in staining buffer @amdwiiermice (Figure 1C) as well as the number of macrophages
analyzed by FACS (FACS Canto Il, Becton Dickinson, Mountain @248 /C8)11B /F4/8¢ ) and preadipocytes (CD&D34 /CD31)
Data acquisition and analysis were then carried out using DIVA(EadtweargC). No sigaint change was observed following LPS infusion
(Becton Dickinson). For BrdU detection, SVF cells were stainediacC@rti¢O mice (Figure 1D). It was then shown by BrdU incorporation
to the manufacturer's protocol (BrdU Flow Kit, BD Pharmingen, fab ARS8, infusion increased the number of BrdU-positive adipocyte
CA) with minor magditions. Brig, cells werexed and permeabilizegrecursors and macrophages in the subcutaneous depot of wild type but
with BD Cytw/Cytoperm buffer. The cells were then treated with BdiasfeCD14KO mice (Figure 1E and F). No change was observed for the
(300mg/ml) to expose incorporated BrdUhatg immunaorescent other fat pads (data not shown). When these mice were subsequently
staining of cell surface antigens was carried out as described tdatbvan a HFD for 2 weeks to promote adipogenesis, we observed
adipocyte nuclei stained with BrdU, suggesting that, after proliferation
2.7. In vitroproliferation and differentiation assay the preadipocytes differentigtadvointo adipocytes (Figure 1G).
2.7.1. Cell proliferation
SVF cells were plated at a density of 5500 8elis™MEM:F123.2. In vitroLPS directly regulates adipose precursor proliferation and
supplemented with 10% fetal calf serum, biotind1§, panthotenicdifferentiation
acid (18mol/l), ascorbic acid (h®0ol/l), and amphotericinr@b To further consolidate owivnobservation that LPS directly increases
ml), streptomycin (10 mg/ml), and penicillin (10,000 U/ml). The thediumber of precursors in the SVF of adipose tissue, we incubated
was changed every 2 days. The cells were counted each day witteadipticyteés vitrowith different concentrations of LPS. The data

counter (Coulter Z2) over 6 days. showed that LPS treatment increased the number of adipocyte precursor
cells (Figure 2A). Furthermore, triglyceride accumulation during the
2.7.2. Cell differentiation differentiation of the precursor cells into adipocytes was lower in the

Cells from the SVF were plated similarly. When they reasmee cofesence of LPS (Figure 2B and C). This effect was not observed with

the adipogenic differentiation process was induced with dexamé&giisstagn CD14KO mice (Figure 2B and C). The expression of key genes
(33 mmol/l), insulin (2 nmol/l), 3,3,5-trisitgoenine (T3; 2 nmol/Ipf adipocyte differentiation such as P@dRre 2D) and aP2

and transferrin (2@/ml) for 10 days. The medium was changed évifyre 2E) was reduced by the LPS treatment in a CD14-dependent

2 days. At the end of the culture period (after 14 days), the cell3@aeé (Figure 2D and E).

lyzed with 0.1 N NaOH, neutralized and the triglyceride (TG) content

measured using a commercially available kit (Triglycerides énZymiavivametabolic endotoxemia directly targets aaddes the

tiques PAP 150, Biomerieux, Marcy I'Etoile, France). The totall grateiptory status of CD14-expressing cells in adipose tissue

content was determined using the DC Protein Assay Kit (BioRaYENf#Reset up a procedure to determine the direct role of LPS on cells

la Coquette, France). from the adipose depot without targeting CD14 positive cells outside the
fat pads (Supplementary Figure 1). To this aim we grafted fat pads
2.8. Glucose tolerance test simultaneously from wild type and CD14KO mice under the skin of

Intraperitoneal glucose tolerance tests were performed in 6-{FR&HP mice. After 1 month of LPS infusion FACS analyses showed
mice injected with glucose into the peritoneal cavity (1 g/kg dliRfogBetabolic endotoxemia increasedcaiglyi the number of

20% glucose solution). Blood glucose was determined with agRid@Rhages in the grafted wild type fat pads only (Figure 3A). No
meter (Roche Diagnostics) onl Bl6od collected from the tip of tRiINicant increase was observed in fat pads from CD14KO mice
tail vein. The glycemic index was calculated by dividing the suSH8PaRINg that the increase in macrophage number induced by

glycemia values determined at all of the time points by the tim&g&Re|ic endotoxemia was CD14 mediated (Figure 3A). Immunohis-
following glucose administration. tochemistry analyses cored this conclusion (Figure 3B and C).

Furthermore, after LPS infusion the mRNA concentrations of plasmino-
2.9. Statistical analyses gen activator inhibitor 1 (PAI-1; Figure 3D), tumor necrosis factor alpha

Results are presented as mearSE. Statistical sigrince of (TNF; Figure 3E), interleukin 1b (IL1b; Figure 3F), macrophage chemo-

differences was analyzed-tegt or two-way ANOVA followed by lg]\(tjr&t’{;\ctalnt peptide 1 (MC.Pl; Figure.SG) and macrophage inhibitqry factor
hoc (Bonferroni's multiple comparison test) using GraphPafVPridrigure 3H), were increased in the grafted fat pad from wild type

version 5.00 for Windows (GraphPad Software, San Diego, GAFEh not from CD14KO when compared to saline-infused mice.
labeled with * are statistically differenpaith05. Similar results were obtained in subsets of mice fed a high-fat diet

(Supplementary Figure 2). In a subset of mice we aimed to identify the

percentage of hematopoietic (CD45 positive) cells from the host
3. RESULTS in ltrating the grafted fat pads and hence to determine the role of

CD14 on that process. FACS analyses showed that when the wild type
3.1. Metabolic endotoxemia increases subcutaneous adipose fatqad (genotype CD45.1) was grafted under the back skin of CD14 KO
precursor proliferation mice (genotype CD45.2) the frequency of hematopoietic cells from the
Four weeks of low rate LPS infusion increased the number dbstm@énotype CD45.2) within the grafted fat pad (genotype CD45.1)
adipocyteso( 500m¥) in the subcutaneous fat pads from wild type over 90% of the total number of cells from the stroma vascular
(WT) mice and reduced concomitantly the number of larger adipotigteSupplementary data 2H). A similar frequency was observed
(Figure 1A). These changes were not observed in CDl4K@hemite fat pad was grafted under the back skin of a wild type mouse
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Figure 1:Metabolic endotoxemia increases subcutaneous adipose tissue precursor proliferation rate. Wild type (WT) (A, C, andeEg amfd <20 MWikOS@ire, @valdF) mice
n¥,6-8) or LP®48-9) for 1 month. (A and B) The quanti cation of the adipocyte frequency is reported rihartd Deiflezoial stroma vascular fraction cell,
macrophages (GD46D11p, F4/8p ), and preadipocyte (CP@B3# , CD31 ) number (E and F) and the number of macrophages and preadipocytes labeled with Brd
(n¥46). (G) BrdU WT adipocytes labeled (both panels) are shown after 4 weeks of LPS infusion followed with 2 weeks offHEEPtréa0bers.N2elh coetrokbys

t-test.
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Figure 2:LPS increases the proliferation and reduce triglyceride accumulation in vitro on cells from the stroma vascular fitadtiom Stoneal yersait@siiaciiore fcem
WT and CD14KO mice were incubated for 6 days in the presence of different concentrRio006f\PSHA4 K@ h0).rg/ml conditi®o eéhFvs CD14KO 25 ng/ml
condition control Bpst-ho&NOVA analyses. Triglyceride coptdna il representation (C) of the corresponding cells when incubated for 6 days with different concentrations

The scalenf) is represented. The mRNA concentrations of genes involved in adipocytes differentiation such as PPAR (D) and aP2 {Ep&refrdppisanésdcaridhta show mea
are representative of at least two independent Rxp@OSestd) rig/ml condition conargdsy-hoc ANOVA analyses

suggesting that the ltrating process was independent from CIDA4. A non-sigoant trend was observed for GLUT4 suggesting that
expression of the host (Supplementary data 2H). non-CD14 dependent LPS receptor effect, although modest, could still
be observed, which could be attributed to TLR4. Similar results were
3.4. Metabolic endotoxemia directly impacts genes from adipo@btained in subsets of mice fed a high-fat diet (Supplementary Figure 3).
metabolism Furthermore, in wild type fat pads, metabolic endotoxemia induced an
The mRNA concentrations of glucose transporter type 4 (@resss in the number of small adipocytes whereas the number of large
Figure 4A), hexokinase Il (HKII; Figure 4B), fatty acid syntha&sip@A®s was decreased (Figure 4E). The size distribution of
Figure 4C), and carbohydrate responsive transcription factor ¢ClirEBRS Was different in grafted fat pads from CD14KO compared
Figure 4D) were reduced in wild-type grafted fat pads from micetinf@s@tpl mice (Figure 4F). We also showed that the mean size of the
with LPS when compared with saline-infused mice (Furél@Aadipocyte fat pads was reduced in response to LPS in wild type depots
effect was observed in fat pads from CD14KO mice FiyurdutAncreased in the fat pad from CD14KO mice (Figure 4G). In addition,
except for ChREBP (Figure 4D) which was stdingiigimcreased byin response to metabolic endotoxemia the number of preadipocytes was
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Figure 3:Metabolic endotoxemia directly targets adipose tissue and modi es the in ammatory status of resident CD14 depots. @Ddel kD paite nerevgtdftgplewith ac
and CD14KO mice and were infused with saline or LPS for 1 month. At the end of 4 weeks the nunfbeZ D4 xcaphates WihiBahe stroma vascular fraction of the
grafted fat pads was determined within by FACS analysis (A) and by immunochemig#y3(NEB0)a@ artd LBS). The mRNA concentrations of genes coding for
in ammatory markers as PAI-1 (D), TNF (E), IL1b (F), MCP1 (G) and MIF (H) are eval&ife®oDaGbare N@@has assesseediy

dramatically increased in the grafted fat pads from wild typéhenidetion. Although, this putative mechanism is not, or very mildly,
(Figure 4H). A small, non-gignt increase was also noticed in tlesponding to LPS infusion.

grafted fat pads from CD14KO mice (Figure 4H). The number of

preadipocytes was slightly increased in the CD14 KO fat patl5whertabolic endotoxemia enhances high-energy diet-increased tota
compared to WT. We have naotde explanation for this trend whieh mass, body weight gain and glucose intolerance

might be due to the adaptation of the CD14KO mice to the \yengtén studied the effect of metabolic endotoxemia on the control o
deletion in order to maintain some level of preadipocytes. Sipcead®cyte proliferation in relation to the onset of high-energy diet-
induces preadipocyte proliferation in wild type mice, it might suggesd metabolic diseases. Metabolic endotoxems indaced

that in CD14KO mice other adaptive mechanisms occurred to dgertomenth by LPS infusion in order to prime adipose tissue and
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Figure 4:Metabolic endotoxemia directly impacts adipose tissue metabolism. CD14KO grafted mice were infused with saline or LB $héonRNAntbnA¢ tetodsof 4 week
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Figure 5:LPS is a prerequisite to high-fat diet-induced obesity and glucose intaBrandéa(RP&4s infused in mice for 28 days using osmotic implantable minipur
Mice were then fed a high-fat carbohydrate diet (HFCD) for 8 weeks before the nal phenotyping assays. (B) Body weighte(®) ((E S)yhrrigneadsl(§3) aipese
tissue and liver weights (g), (D) echo MRI analyses showing grams of fat or lean masses. (E) The frequency (% of totalbuurtaineos aatijnuyytssds usfadsohtad
according to the size of the adipwfytedNT mice at the end of a 8 weeks HFCD treatment which followed the LPS or Saline (NaCl) pretreatment period. (F) repres
adipocytes counted in (E). (G) represents mRNA concentrations for adipose tissue cytokines (in arbitrary unitsjo$e! yokpeesmEntnbhiixpleeitcoreasgonding glycemic
index calculated fro30 to 90 mimi/min). Data are m&aB&. Po 0.05 vs NaCl pretreatment calculadtedstogna a post-hoc ANOVA analyses.

subsequently the mice were fed a high-energy diet (Figure tA)nfiscrophage number within the fat pad itself, through a CD14-
8 weeks to trigger energy storage. Compared to non-LPSeepatedient mechanism. LPS also directly reduced adipocyte differentic
controls, this treatment led to an increase in body weight (Figioa. 58)wever, in the presence of an excess in energy available, such a
as well as the weight of different adipose depots, whereas thad digheat high-carbohydrate diet the LPS-induced adipocyte precurso
liver remained unchanged (Figure 5C). This waseddny echo proliferation mechanism favours the development of metabolic diseases
magnetic resonance imaging analysis since metabolic endotbkerud@einding suggests that bacterial components of intestinal origin
increased the fat but not the lean mass (Figure 5D). Impejitentk factors that trigger mechanisms which reshape adipose depots
although the size distribution of adipocytes was matrgiguiifferent in response to changes in nutritional status and which directly involveo
between groups (Figure 5E) the mean size was lower in LPSeipfgedthe molecular control of this mechanism could be of great
mice. The treatment was associated with an inCremnﬂatDry importance in protecting against obesity and diabetesl
markers (Figure 5G). It is noticeable that the increase waae $ignip sybstantial number of publications have demonstrated the importan
TNF only whereas there was only a strong trend that did notqjsiig® intestinal microbiota in the control of adipose tissue developmen
reach signcance for PAI1 and llM/e also observed and increasqdrg,35'36] and metabolicimmatiofi.327,35,37,38]. The metabolic
the intolerance of the mice to glucose (Figure 5H and ). in ammation is attributed to the increased number of macrophages

within the stroma vascular fraction of the adipose depots at the onset of

metabolic disease [39]. These cells could be resident, as recently
4. DISCUSSION suggested30,31,40], or originate from bone maj?d28]. Our

recent data show that the origin of tissue LPS could be linked to
We here demonstrdte vivothat metabolic endotoxemia diregthagocyte-mediated translocation of bacteria from the intestine toward:
increases the proliferation of adipocyte precursors i.e. hyperpld®aadipbse tissue [41]ammatory bacterial components such as LPS
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and peptidoglycan may then trigger proliferation of preadipocyteseasdd energy available. In the light of the present results on LPS-
macrophages in the SVF of adipose tissue. This hypothesis isméditited adipose tissuammation the ADAM17 (A Disintegrin and A
supported by recent data which show the importance of bitgeikproteinase 17) pathway could also be implied since this molecule
components and their receptors, such as NOD1, in relation to thie @orgheéd in the regulation of Peluction [48]. This hypothesis is

of insulin resistance ancammationi41,42]. It has been suggestesupported by the fact that heterozogotes knockout mice for ADAM17
that non-adipose tissue resident cells, such as bone marrowgetlye@sisted HFD-induced obesity and insulin resistance linked to a
cells contribute to gut microbiota-induced metaaoiimation [43]. reduced MCP-1 expression, as we reported here. The molecular link
Wild type mice grafted with CD14 KO bone marrow stem cellbelween adipose tissuaimmation, LPS-induced Tate adipose

develop HFD-inducedainmation [43]. However, these observatisaee biology was also observed in mice where tissue inhibitor of
could be iruenced by the experimental conditions used sinaaetladoproteinase 3, the regulator of ADAM17, was mahihhted
irradiation process employed in the bone marrow grafting modé&l doaride in metabolic endotoxemia that could be due to changes in
have impaired adipose tissue function by eliminatiaghpratory intestinal microbiota, as desciiibgtl4,51,52], could be considered

cells. The data presented here show that CD14-positive cells remsdemeeiarly risk factor of metabolic diseases. The direct action of LPS on
the fat pad are safent to mediate metaboli@aimmation. Fat padsadipose tissue cells was omedin vitroin primary cultures of SVF

from wild type mice grafted on to a CD14 KO background andcilfsssidce LPS directly and dose-dependently induced cell proliferation
with LPS are still characterized by a rise in cytokine mRNAs taneuifiea CD14-dependent mechanism. Our results cannot rule out that
presence of F4/80 positive cells. The LPS infusion procedure G&b4 negative cells outside the adipose fat pad couldirate in

results that are very similar to those obtained with mice fed a thighi$sue in response to LPS infusion. We couddlideriticrease in

diet. In addition, we have here shown that metabolic endofe4@@idCD14 cells in the CD14 WT grafted fat pad only and in LPS
stimulates the proliferation of preadipocytes and macrophages leddsegitanice when compared with saline infused mice. These cells
an increase in the total number of cells in the stroma vascular fragtibroriginate from the host. However, they are not CD14 positive
This mechanism suggests that LPS could contribute to obéségefoye, demonstrating a direct action of LPS outside the fat pad does
triggering hyperplasia. The observed increase in preadipocyiesedsire CD14. No increase in the cell number was observed in the
supported by a study which showed tratrratory stimulatiorCD14KO grafted fat pad in response to LPS further demonstrating that
induces preadipocyte proliferation through a mechanism could teDdisewi@s required in the fat pad itself.

the production of Activine A by preadipocytes which activafesadtiated with this phenotype, LPS slowed down triglyceride accumu-
proliferation of the precursor cells [44]. We are tempted to spatiafatenost likely due to the reduction of the expression of genes
that the increased proliferation of preadipocytes induced by nievabait in lipogenesis such as CJEBPAltogether, this mechanism
endotoxemia could lead to an increased adipocyte numbeoulBhéxplain the reduced size of adipocytes in response to LPS and may
conclusion is supported by our data which show that labetiagmpufiicated at the onset of disease since we showed that following a
preadipocytes with BrdU is observed in adipocytes once adipogenésigésl high-fat feeding period the fat mass increased. LPS could
induced by a high-fat high-carbohydrate diet as recently suggesgesk the number of adipocyte precursors which would subsequently
since adipogenesis is reduced when 3T3L1 preadipocytes are idiftdratethte and favor body weight gain. This conclusion is in line with
with LPS [45]. The induction of hyperplasia is associated with canwepseljious results which showed that genetic deletion of CD14 in a
a reduction of hypertrophy since the expression gFRBABhREBPeptin KO background reduced mesenteric adipose tissue weight and
HKIl and GLUT4 and consequently, the adipocytes is reducedinTamrtatory tone [12]. The data presented here showed that LPS can
result, which could seem paradoxical to the development of jteesihdition cells of the adipose depot, notably preadipocytes, which in
could be considered as a risk factor of metabolic diseases, since tmild initiate the secondary development of the adipose depot
treatment of mice with LPS prior to a high-fat high-carbohydratedéieiti FD.

enhances body weight gain and glucose intolerance. ThereforeTheernanhanisms through which LPS reach the adipose depots are still
speculate that LPS induce preadipocyte proliferation and hencersdgaodsut could be related to their association with lipoproteins. Indeed,
tissue hyperplasia while inhibiting adipocyte differentiation. Thgepnaeins have been shown fer plasma LPS [53]. Recent data
observed in human [46], in 3T3L1 adipocytes [45], and eversimgest that dietary fat promotes the intestinal absorption of LPS from the
adipocyte differentiation [47]. The impact of LPS on the triggguingniiobiotét4-56]. LPS could be transported by lipoproteins [53]
body weight gain suggests that in response to an increase in tawdens, target tissues such as the liver, muscle and adipose depots and
lipids/carbohydrate availability the anti-differentiation impact otd®8agently contribute to varioasnimatory disorders [54]. This
overridden by the nutrients leading to hypertrophy. This is higptileesis is supported by our data since chemokine mRNA content is
supported by our data since after a short period of time of 1 mocrbaséd in response to LPS or Hi@dtype/fat pads only, which could,

HFD the number of small adipocytes was increased by tlreal$®8ond step, increase the number of proliferatiftyegimdy inost
treatment suggesting that the cells could be on the way to dea@igphages, further enhanciagnination. We show here that the LPS

and enlarge further overtime. We could not here distinguish betyweetrehnent is scient for the engagement of the adipose depot towards
respective impact of LPS on macrophages and on preadipocytesetabtliie diseases. The increased proliferation of adipocyte progenitor cells
induction of metabolic diseases. We do believe that LPS itriygexs by LPS preceded adipose tissue development when energy is
adipocyte hyperplasia by inducing preadipocyte proliferatioavaialike.

triggering cytokine production by adipose tissue macrophadasukvimary, our data show that an increased plasma LPS concentration
cannot disregard the fact that the cytokines would have also contriddtedirectly trigger adipose tissuammation and stimulate

to the impact on adipose tissue biology and certainly on ddgdityte progenitor cell and macrophages proliferation. This CD14-
resistance. Hence, the preconditioning of adipose fat pads dspémient mechanism further demonstrates a crosstalk between gut
favours hyperplasiest to increase the risk of developing metabakicobiota, the innate immune system and tissues and would be one
diseases. Hypertrophy would secondarily develop in responsaechémsm that could explain body weight gain and insulin resistance.
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