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Abstract

Background

GPR43 is a G-protein-coupled receptor that participates in adipdiffgeentiation in mice
and is over-expressed in adipose tissue of obese mice. The aimsoftudy was t
investigate the implication of GPR43 in adipogenesis in humans amtktéomine thg
influence of obesity on its expression in human adipose tissue.
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Findings

Preadipocytes were isolated from human omental adipose tissue tamdccduring 13 dayj
One PPAR agonist (troglitazone) and three GPR43 agonists (two physiologithlone
synthetic) were tested for their ability to induce differerdgrat After 13 days, the three
GPR43 agonists had no impact on aP2 expression, a marker of adipofstenti#tion
whereas troglitazone led to a huge over-expression of aP2 in teksebut tended tp
decrease GPR43 expression (p=0.06).
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GPR43 and inflammatory markers expression was also quantifiedantainadipose tissue
from lean and obese individuals. GPR43 expression in total adipese tigas similar
between obese patients and lean subjects and did not correlate @itbx@f@ssion. In
contrast, GPR43 expression positively correlated withad MRNA.

Conclusions

Our results suggest the absence of relationship between GPR43 zowy/tddifferentiation
in humans, unlike what was observed in mice. Furthermore, GPR43 éxpréssnot
increased in adipose tissue from obese subjects but could be redafBdFu-related
inflammatory processes.
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Introduction

GPR43, also known as free fatty acid receptor 2 (FFA2), is aote#prcoupled receptor
activated by short-chain fatty acids, i.e. acetate and propiopateluced through
fermentation of non-digestible carbohydrates [1-3]. It is highpressed in immune cells but
is also present in other tissues (e.g. adipose tissue, spleen, &ooe nintestine, liver) [4]
and seems implicated in adipose tissue metabolism. GPR43 activati acetate and
propionatein vitro stimulates adipocyte differentiation in 3T3-L1 preadipocytes. 3T3-L1
cells transfected with GPR43 siRNA exhibit decreased expression of gmrexproliferator-
activated receptor gamma (PPAR-the master regulator of adipogenesis- and less fat
accumulation [5]. Moreover, acetate and propionate inhbiitro andin vivo lipolysis by
activating GPR43 [5,6]. In mice fed a high-fat diet, the augndeati#posity and adipocyte
enlargement have been associated with an over-expression ofyPBAjet genes and
GPRA43 in subcutaneous adipose tissue. Furthermore, aP&gdist increased GPR43
expression in explants of mouse subcutaneous adipose tissue thusirsyidefesiR as a
driver of GPR43 expression [7]. Altogether, these results suggpstential link between
GPR43 expression and adipocyte differentiation in mice. However, in nsjntae
implication of this receptor in adipogenesis and its expression Bitplbas not been studied
yet.

Methods and materials

Chemicals

All chemicals were purchased from Sigma-Aldrich (Saint LoMSs), USA), except the
synthetic GPR43 agonist [4-chlooefl-methyl ethyl)N-2-thiazolyl-benzeneacetamide]

(CMTB) [8] (Ambinter, Paris, France) and collagenase A (Roclegridstics Belgium,
Vilvoorde, Belgium).



I solation and culture of stromal-vascular cells from human adipose tissue

Omental adipose tissue (OAT) from 4 obese patients undergoing atadsurgery were
fractionated into adipocytes and stromal-vascular cells (SV@jeasously described [9,10].
Briefly, fat tissue was cut into small pieces and incubated3anin in a shaking water bath
at 37°C in KREBS-BSA 2% with collagenase A (8.33mg/g tissue). diegetissue was
filtered and centrifuged at 400g for 1 min. The infranatant contaihi@ds¥C was washed
three times. Preadipocytes were grown to confluence in DMEM-fd@um (Invitrogen,
Life Technologies, Gent, Belgium) with 10% fetal bovine serum APlaboratories,
Pasching, Austria), streptomycin 1@@/ml and penicillin 100 1U/ml (Gibco, Inchinnan,
Scotland) at 37°C in humidified 5% G@nd then differentiateioh vitro during 13 days using
a chemically defined serum-free medium consisting of DMEM-F11P) (supplemented with
15 mM HEPES, 15 mM NaHGQ 33 pM biotin, 17 uM panthotenate, 10ug/ml
apotransferrin, 66 nM insulin, WM dexamethasone, 200 pM triiodothyronine, and
antibiotics. Isobutylmethylxanthine (5QM) was added during the first 3 days to induce
differentiation. During differentiation, different conditions weested: control medium (CT),
troglitazone (TZD) (1AM), acetate (10M), propionate (1@M) and CMTB (1uM). DMSO
was used to dilute TZD and CMTB and added to each medium to obtasartie final
concentration (0.13%). Cells were then harvested and frozen at —80°Csulvgquent
MRNA analysis.

| solation of human adipose tissue

OAT was obtained from 10 lean and 23 obese patients undergoing abdamgeay sfter an
overnight fast, as described elsewhere [10]. Descriptive clasditts of these patients are
given in Table 1.

Table 1Descriptive characteristics of lean and obese patients. Data are mean ENG.
BMI: body mass index

Men/Women Age (years) BMI (kg/m 2
Lean 4/6 60+ 4 23.1+£04
Obese 12/11 42 +3 451+15

Real-time quantitative PCR

Total RNA was isolated using a TriPure Isolation ReagentRache Diagnostics Belgium,

Vilvoorde, Belgium), cDNA was prepared by reverse transcription of 100 rigiNi& using

a Reverse Transcription System Kit (Promega, Madison, WI, USW) quantitative PCR

was performed as previously described [7]. Primers used tot dbtedargeted genes are
available upon request.

Statistical analysis

Results are presented as mean + SEM. Statistical sigraéoaf difference was assessed by
one-way ANOVA followed by post hoc Tukey’s multiple comparison vdsn comparing 3
groups or more, or by a Studedstest when comparing 2 groups. Correlations were analyzed
using Pearson’s correlation test in GraphPad Prism (version 5.00ifmoWs GraphPad
Software, San Diego, CA, USA). The level of significance was set at p< 0.05.



Results and discussion
Implication of human GPR43 in adipogenesis

GPRA43 is implicated in adipocyte differentiation in mice. Aeetahd propionate, two
physiological agonists of this receptor, induce adipocyte diffextoni in 3T3-L1 cells [5].
In vitro and ex vivo experiments also suggest a link between PPABvity, a master
regulator of adipogenesis, and GPR43 expression since the incubatien presence of a
PPARy agonist induces GPR43 over-expression in 3T3-L1 adipocytes [5] and expfant
mouse adipose tissue [7]. In this study, we investigated the inHuENGPR43 agonists on
adipocyte differentiation in humans. We used preadipocytes isolated Human OAT.
These cells were cultured during 13 days with different treasmidatt could potentially
induce differentiation: a PPARagonist (TZD), acetate, propionate or one synthetic GPR43
agonist, CMTB. We evaluated the influence of these treatmerttseeagxpression of GPR43
and aP2, a PPARtarget gene known as a late marker of adipocyte differsmtiqll]
(Figure 1). TZD induced an 80-fold increase in aP2 expression thomgian important
induction of differentiation following PPAR activation. Surprisingly, TZD tended to
decrease GPR43 expression (p=0.06). This effect was opposite to thabugply
demonstrated in mice [5,7]. Moreover, the three GPR43 agonists did maficargfly
modulate the expression of our genes of interest. These resoltsual to propose that, in
humans, GPR43 may not be implicated in the process of adipogemeed, an over-
expression of aP2 -reflecting an increased differentiation-tiassmciated with GPR43 over-
expression and GPR43 agonists are not able to induce differentrahoman preadipocytes
as demonstrated by the lack of effect on aP2 expression. Tleepeehminary results that
should be confirmed, e.g. by showing that blocking GPR43 has no impabie ohiZD-
induced differentiation but so far, no GPR43 antagonist exists.

Figure 1 Study of GPR43 involvement in human adipogenesi&PR43 and aP2 mRNA
levels in human preadipocytes, 13 days after induction of differentiation in presehee of
vehicle (CT) or different pharmacological agents: troglitazone (TZB9tate, propionate and
CMTB. Mean value obtained in the CT group (i.e.; medium without the addition of the
pharmacological agents) is set at 1. Data are mean + SEM for 4 diffeltemés. Data with
different superscript letters are significantly different with p<0.001graleg to one-way
ANOVA followed by post hoc Tukey’'s multiple comparison test. GPR43: G-proteipkedu
receptor 43.

GPRA43 Expression in human adipose tissue: link with inflammation

Hong et al. reported that GPR43 was over-expressed in adipose tissue of hijbtieed
mice [5]. We demonstrated that this over-expression was assbacidtie an increased
adipogenesis and augmented expression of inflammatory markersld®ever, so far,
GPRA43 expression has never been evaluated in adipose tissue of obass. Atherefore, in
human OAT collected from 10 lean and 23 obese patients, we investigatexpression of
GPR43 but also aP2, THNF CD68 and MCP-1 mRNAs as markers of adipocyte
differentiation, inflammation, macrophages and inflammatory cetisiitenent, respectively
[12,13] (Figure 2). In comparison to lean subjects, obese patientstedhiim significant
increase in GPR43 expression, despite an important variability,aasnificant over-
expression of CD68, thus suggesting a higher macrophages content|-estal@dished
characteristic of obese adipose tissue [14]. On the other hand,ThIF2, and MCP-1
MRNAs were not significantly modified in obese subjects comparel@an individuals.



Interestingly, there was no correlation between GPR43 mRNA RRdrRNA (Pearson r =
—-0.10, p = 0.61) thus strengthening our hypothesis on the absence of linkrbétese two
genes in human adipose tissue. In contrast, we observed significapbsitive correlations
between GPR43 mRNA on one hand and CD68, ol bifd MCP-1 expression on the other
hand. However, it is worth noting that, when removing the 3 obese patightthe highest
GPRA43 expression (outliers), the sole correlation remaining sigmifizas between GPR43
and TNFee mRNAs (Pearson r = 0.57, p = 0.003). Thus, unlike what has been observed in
mice, human obesity is not associated with an over-expression RGP OAT. This
receptor may not be implicated in adipogenesis but would rathienkeel to inflammatory
processes in adipose tissue, as suggested by the strong corteédiveen GPR43 and TF
MRNAS. Interestingly, a link between GPR43 and inflammation haadlrbeen proposed in
some inflammatory diseases [15]. In models of colitis, arshaitid asthma, Maslowséi al.
highlighted an exacerbated inflammation in GPR43-deficient nsampared to wild-type
mice, thus suggesting a beneficial role of GPR43 in these imizaary processes [16].
However, another study showed that GPR43 knockout mice were proteatest atronic
Dextran Sulfate Sodium-induced colitis thus proposing the opposite camclfisv].
Therefore, the beneficial or deleterious implication of GPR43nitammation is still
controversial and our preliminary results suggest adipose tissu@@s potential target to
focus on when studying GPR43 and inflammation in humans.

Figure 2 Influence of obesity on GPR43 expression in human adipose tissée GPR43,

aP2, TNk, CD68 and MCP-1 mRNA levels in human omental adipose tissue collected from
10 lean patients and 23 obese patients. Data are mean £ SEM, * p<0.01 according to the
Student’'st-test.B. Correlations between GPR43 mRNA and TINED68 and MCP-1

MRNAS, r and p values according to the Pearson’s correlation test. GPR43: G-protei
coupled receptor 43; TN#E-tumor necrosis factar; CD68: cluster of differentiation 68;

MCP-1: monocyte chemoattractant protein-1.

Conclusion

In this first study focusing on GPR43 in human adipose tissue, somerdatausly shown

in mice, i.e. the implication of GPR43 in the process of adipocyferdiftiation, have not
been confirmed. Indeed, GPR43 does not seem implicated in human adipogendsi
ligands do not induce differentiation of preadipocytes. Moreover, GPR48sskpn is not
induced by a PPARagonist and does not correlate to aP2 expression, a well-knownrmarke
of adipocyte differentiation. However, although GPR43 is not over-esguida the OAT of

all obese individuals, its expression seems associated withu-féNted inflammatory
process. Larger studies are needed in order to evaluate theutatioegof GPR43 and TNF
expression in human adipose tissue.
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