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Abstract

Numerous researches have demonstrated that GPRi&0 dalled FFAR4) exerts novel
functions in insulin resistance and adipogenesiswéver, the molecular mechanism of
GPR120-mediated adipogenic differentiation is stiltlear. This study was aimed to interpret the
relevant function mechanism of GPR120 in the d#fifgiation of 3T3-L1 adipocytes. The results
showed thatGPR120 expression was dramatically increased along wik &dipogenic
differentiation of 3T3-L1 adipocytes and the adipoig ability was significantly inhibited in
shGPR120-transfected cells. TUG-891, a selectiemiajof GPR120, promoted the intracellular
triglyceride accumulation in a dose-dependent maramel did not enhance adipogenesis in
shGPR120-transfected cells. Markedly, TUG-891 iaseel the activation of PPARIn a
GPR120-dependent pathway as assessed by lucifeepsster assay. Furthermore, in the
adipogenic differentiation process of 3T3-L1 adiges, TUG-891 increased the [CJa and
phosphorylation level of ERK1/2. Pretreatment witinibitors of either ERK1/2 (U0126) or
[C&"i (BAPTA-AM) notably attenuated the GPR120-medihsaipogenesis. These results show
that GPR120 promotes adipogenesis by increasingRPR&pression via [Gdli and ERK1/2
signal pathway in 3T3-L1 adipocytes.

Keywords GPR120. 3T3-L1. Adipogenesis. [€h ERK1/2.
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1. Introduction

White adipose tissue (WAT), which is consideredh@smain reservoir to store energy, plays an
important role as an endocrine organ in glucoseabadism and immune functions by secreting a
vast range of regulatory factors (Kershaw and FR@04). Given the vital role of WAT in the
health implications and energy homeostasis, it $semtial to investigate the molecular
mechanisms of adipogenesis. Until now, a varietytrahscription factors, including CCAAT
enhancer binding protein (C/EBRy), C/EBF3, C/EBR and peroxisome proliferator activated
receptory (PPARy), have been demonstrated to be involved in tlosgss (Otto and Lane, 2005;
Tang and Lane, 2012). Among them, PRARconsidered as the master regulator of the canpl
transcriptional cascade in adipogenic differerdiatand the terminal differentiation does not
occur without PPAR (Cristancho and Lazar, 2011; Rosen et al., 1999).

Recently, the novel fatty acid receptor, GPR1260@alled FFAR4), has been shown to be
implicated in diverse physiological homeostasishsas insulin sensitization, anti-inflammation
and regulation of appetite (Hirasawa et al., 2005h; et al., 2010). Notably, it is abundantly
expressed in WAT and mature adipocytes, wheregsuihdetectable in preadipocytes (Gotoh et
al., 2007; Ichimura et al., 2012; Miyauchi et &009; Oh et al.,, 2010)JGPR120 knockdown
reduces the expression RPARy andfatty acid binding protein 4 (FABP4, also known as aP2) in
3T3-L1 adipocytes (Gotoh et al., 2007). Consisyerguppression of these adipogenic marker
genes was detected in the mouse-embryonic fibrofNésF) derived adipocytes isolated from the
GPR120-deficient mouse (Ichimura et al., 2012). seheevidences indicate that GPR120
contributes to the process of adipogenesis. Howe®rprecise molecular function in the
regulation of adipogenic processes remains unclear.

As a G protein-coupled receptor (GPCR), GPR126datkd in the cell surface and induces a
wide range of cellular responses when respondingafdpropriate ligand binding. Several
experimental observations showed that GPR120 sbedilby fatty acids or synthetic agonists
increases intracellular calcium concentration {{f)aand elevates the phosphorylation level of
extracellular signal-regulated kinasel/2 (ERK1/@3acade (Hirasawa et al., 2005; Hudson et al.,
2013; Ichimura et al.,, 2012; Katsuma et al., 2005RK1/2 facilitates the early stage of
adipogenic differentiation but needs to be turncGbthe adipocyte maturation phase, suggesting

a dual role of ERK1/2 in adipogenesis (Bost et2005b; Prusty et al., 2002). On the other hand,
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[Ca®i also plays a time-dependent role in adipogenebisproving intracellular calcium
concentration inhibits the early stage but accterahe maturation stage of adipogenic
differentiation in both murine and human adipooteal and Clipstone, 2002; Shi et al., 2000).
Hence, it would be interesting to understand thiesraf [C&']i and ERK1/2 signaling in
GPR120-induced adipogenesis. In this study, werah@ted the expression of GPR120 during the
differentiation progress of 3T3-L1 adipocytes armurfd that GPR120 facilitates 3T3-L1
adipogenesis. Moreover, we for the first time shiwtbat [C&"]i and ERK1/2 signaling
contributes to GPR120-induced adipogenesis.

2. Materials and methods

2.1 Materials

Oil Red 0O, paraformaldehyde, insulin, dexamethas@swbutylmethylxanthine, collagenase |,
BAPTA-AM, U0126, Docosahexoenoic acid (DHA, 22:6n-a-linolenic acid (ALA, 18:3n-3),
linoleic acid (LA, 18:2n-6), Dimethylsulfoxidewe(®MSO) were purchased from Sigma Aldrich.
TUG-891 was obtained from R&D systems. Rabbit BRARy and anti-p-ERK1/2 (T202/Y204)
were purchased from Affinity biosciences Inc. DHWLA and LA were dissolved in DMSO. The
stock solutions (500 mM) were aliquoted and stae@0C.

2.2 Cell culture and DNA transfection

The 3T3-L1 preadipocyte and HEK293T cell lines weuiured in Dulbecco’s modified Eagle’s
medium (DMEM) containing 10% fetal bovine serum §B(Gibco, San Diego, CA, USA),
penicillin (100 IU/mL) and streptomycin (100 pg/mk}t 37C and 5% CQ@ The cells were
transfected at 70% confluence in 24-well platesusing Lipofectamin&' 2000 (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s tistion. Briefly, both Lipofectamiré'
2000 (1pL) and plasmid (0.;g) were diluted using Opti-MEM (Invitrogen, Carlsha& A, USA)

to a final volume of 5@L per well and then mixed together for 15 min aimotemperature. Then
the lipo-DNA complex was added into the wells. €elkere assayed at 48 h post transfection.

2.3 Adipogenic differentiation

The 3T3-L1 preadipocyte was induced to differertas described previously (Gotoh et al., 2007).
Briefly, the adipose differentiation was initiatatter 2-day post-confluence and the medium was
replaced with the differentiation medium containiagbutylmethylxanthine, dexamethasone, and

insulin (MDI) supplemented with 95% DMEM, 10% FBS0 pg/mL insulin, 1 pM
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dexamethasone, and QUM isobutylmethylxanthine. Two days later, the mediwas replaced
with DMEM containing 10% FBS and 1@/mL insulin for the next 2 days. Then, cells were
maintained in DMEM containing 10% FBS only to thelef differentiation for 4 days. The fresh
medium was changed every 48 hours. For the faity aeatment, 2-day MDI induced 3T3L1
cells were then maintained in DMEM with 10% FBS tedming each fatty acid and the fresh fatty
acid media was changed every 24AHi. the fatty acids were freshly prepared from tteck
solution and diluted with growth medium at the oated concentrations every 24 h.

2.4 Oil Red O staining

After 48 h of the MDI differentiation, 3T3-L1 cellgere treated with the agonists or inhibitors for
4 d. Then, the triglyceride accumulation was measlry Oil Red O (ORO) staining. The cells
were washed twice with phosphate buffer saline (Rig®itly and fixed in 4% paraformaldehyde
for 20 min. Then, cells were washed twice with P&fain and stained with 0.5% Oil Red O
diluted in ddHO for 15 min. After staining, cells were washeddbmwith PBS and photographed
by using the microscope (ECLIPSE Ti, Nikon, Japan).

2.5 Triglyceride assay

The cells were rinsed twice with PBS and lysedssaue lysis buffer (Applygen, Beijing, China).
The triglyceride was quantified according to thenofacturer’s instructions using a triglyceride
measure kit (Applygen, Beijing, China) and normedizo the total protein with the bicinchoninic
acid protein assay kit (Beyotime, Nanjing, China).

2.6 Western blotting

After 48 h of the MDI differentiation, 3T3-L1 cellgere treated with the agonists or inhibitors for
2 d. Then, the cells were collected for westerritiplp. Western blotting analysis was used to
measure the phosphorylation of ERK1/2 and protbimndance of PPAR Cells were washed
with cold PBS and lysed in buffer (Beyotime, NagjirChina). After 30 min extraction at 4°C,
samples were then centrifuged at 10000 g for 10ahi#h°C, and the supernatant containing the
total proteins was collected. The supernatant wagested to SDS-PAGE and immunoblotting.
Twenty mg of proteins/lane was separated on a 108@prylamide, precast SDS gel (Bio-Rad)
followed by transferring onto PVDF membrane (Midig, Billerica, MA, USA). The membrane
was blocked for 2 h with 5% skim milk powder (Signend incubated overnight with the

anti-PPAR, anti-phosphorylated ERK1/2, affitiactin and anti-tubulin at a 1:2000 dilution. After



121 3 washes, the secondary antibody was added at GDQD1dilution and incubated at room
122 temperature for 1 h. After 3 washes, the membrame ®xposed by using WesternBfijh
123  Peroxide (Advansta, California, USA) in imaging teys (Carestream, New York, USA). The
124  protein amount was normalized with the amount biittn or B-actin as internal control.

125 2.7 Real-time quantitative PCR

126  Total RNA was isolated and purified using RNA egtian kit (GeneMark, Taiwan, China) and
127  transcribed into cDNA by the first strand cDNA gdyesis kit (TOYOBO, Japan). The cDNA was
128  diluted into 20 times for Real-time quantitative R@PCR) and the samples were run inul0
129  reaction system with SYBR GREEN gPCR mix (BIO-RAIA). The data were detected using
130 a Bio-Rad CFX Connect™ Real-Time PCR Detection &ys(Bio-Rad, Richmond, CA, USA).
131  Gene expression levels were calculated after nizaten to the standard housekeeping gene
132 p-actin using theAACT method. In brief, the mean of the triplicate leythresholds (CT) of the
133  target gene GPR120, PPARy and aP2) was normalized to the mean of triplicate CT oé th
134  referenceg-actin using the calculation formula “2 acin target gens Which indicated a relative
135 value as a fraction of the target gene. The folgwprimers forGPR120, PPARy andaP2 of
136 mouse and pig (shown in tablel) were synthesizad 8angon (China).

137 2.8 Lentivirus generation and 3T3-L1 transduction

138  Lentivirus generation was performed as describguerious report (Aguilo et al., 2015). In brief,
139  lentiviruses were generated in HEK293T cells byofgmtaminé" 2000-mediated co-transfection
140  of pLKO.1l-based shRNAs targeting GPR120 or scramgiesmids, psPAX and pMD2G.
141  Lentvirus supernatants were filtered through Oub filter (Millipore). For infection, 3T3-L1
142  preadipocytes were transduced with lentiviruse$% FBS growth media supplemented with
143  polybrene (gg/mL). Cells were incubated overnight with lentides and cultured in fresh 5%
144  FBS growth media for another 3 days. Subsequerils were cultured in the 10% FBS growth
145 media supplemented with gg/mL puromycin for 4 days to establish the shGPRD20
146 shScramble stable cells. The culture medium walaced every 2 days. All the shRNAs used in
147  the present study are listed in Tablel.

148  Table 1 Primers used for Polymerase Chain Reactioend shRNA sequences for lentiviruses

] Product Annealing
Gene Primer sequences(5’ to 3") )
size(bp) temperature(‘C)
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CCATCCCTCTAGTGCTCGTC

mouse GPR120 522 60
TGCGGAAGAGTCGGTAGTCT
TGGGTGAAACTCTGGGAGATTC

mouse PPARy2 150 60
AGAGGTCCACAGAGCTGATTCC
GATGCCTTTGTGGGAACCTG

mouse aP2 232 60
TCCTGTCGTCTGCGGTGATT

) CCAGGTCATCACCATCGG

mouse f-actin 133 60

CCGTGTTGGCGTAGAGGT
] AAGGAGGAGGCTCACGATG

pigGPR120 407 59

TGACAAATAGATGCCGATAGAC
] AGAGTATGCCAAGAACATCC

pigPPARy 261 60

AGGTCGCTGTCATCTAATTC
] AAGTCAAGAGCACCATAACC

pigaP2 119 60

GATACATTCCACCACCAACT
] ) CCAGGTCATCACCATCGG

pigg-actin 158 60
CCGTGTTGGCGTAGAGGT

pLKO.1-puro-G ~ GCACCCACTTCCCTITCTTCT

PR120-shRNA - -

pLKO.1-puro-Sc = TTCTCCGAACGTGTCACGT _ _

ramble-shRNA

2.9 Luciferase Reporter Assays

For luciferase reporter assays, the HEK293T cekbsewplated into 24-well plates. Then the
peroxisome proliferator activated recepgaresponse element (PPRE) luciferase vector combined
with renilla luciferase expression plasmid (pTK)reveo-transfected with the expression vectors
for GPR120 or pcDNA3.1 control plasmid. Then, 24after the transfection, the cells were
washed twice with DMEM without FBS and maintainaddMEM for at least 18 h for luciferase
analysis. Then cells were treated with the appatgrigand for 6 h. After treatment, cells were
harvested and luciferase activity in cell extragts determined using a luciferase assay system
according to standard methods in a Dual-GLO® repassay system (Progema, Madison, USA).
Luciferase values were normalized by the Renillduem Transfection experiments were
performed in duplicate and repeated for at leasethimes.

2.10 Real-time measurement of intracellular calcium

Intracellular calcium level was measured by usingyaergy2 microplate reader (BioTek, Gene
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Company Limited, USA) as described previously (Metal., 2002). Briefly, 2-day differentiated
3T3-L1 cells were seeded into 96 well assay plate black side and clear bottom and incubated
for 24 h. Then, the culture medium was replaced MYIEM supplemented with 1%
endotoxin-free bovine serum albumin and maintaifeed h. 4uM Fluo8-AM (AAT Bioquest,
Sunnyvale, CA, USA) was added into cells for 30 mithe incubator and the cells were washed
twice with preheated DMEM following by balancing B7°C for another 30 min before
measurement. After the stimulation with the positagonist of intracellular calcium, namely
thapsigargin (TG), or three concentration gradierit§UG-891(10, 25 and 100M), the data
were recorded at 37 every 5 s over a 60 s time range.

2.11 Statistical analysis

Data were presented as means * standard deviatibarealyzed by GLM procedures followed by
Tukey’s post-hoc test. All statistical analysesaveompleted using the SAS statistical package (v

8.2, SAS Inst., Inc., Cary, NCIy.values <0.05 were indicated as significant diffiese
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3. Results
3.1 GPR120 knockdown decreased adipogenesis in 3IB-cells

To test whether the fatty acid receptor GPR120 splayrole in adipogenesis, the mRNA
expression profile 06PR120 was detected using qPCR at the indicated timeto¢in 0.5, 1, 2, 4,
5, 6 day) during the adipogenesis of the 3T3-Liscéls shown in Fig. 1A, the results indicated
that GPR120 was weakly expressed at the beginning of adipagdifferentiation. Upon the
induction of differentiation, the expression®@PR120 and the adipogenic marker genBPARy2
andaP2) was dramatically up-regulated at 2 days and vigis im mature 3T3-L1 cells. Besides,
similar expression patterns GPR120, PPARy andaP2 were also observed in the differentiating
porcine stromal vascular fraction (SV) cells (s@ppéntal Fig. 1A).

Compared with in the lentivirus-mediated shCon®BB-L1 cells, the adipogenic ability was
significantly inhibited in the lentivirus-mediatetiGPR120 cells. After 6 days of differentiation,
the mRNA levels 0PPARy2 andaP2 were lower in shGPR120 transfected cells tham@ostrol
transfected cells. The protein level of PBARas also lower in thehGPR120 transfected cells
(Fig.1B to D).

3.2 Effect of natural polyunsaturated fatty acids o adipogenesis in 3T3-L1 cells

Based on the expression patterrG&fR120 in adipogenic progress of 3T3L1 cells, the 2-day
MDI induced 3T3L1 cells were treated with severatunal polyunsaturated fatty acids which are
the ligands of GPR120. As shown in Fig. 2A, C andBA, ALA and LA were tested for their
abilities to influence adipogenesis in 3T3-L1 cel@ompared with the control group, DHA
dose-dependently decreased the percentage of dipiplets at day 8, while ALA treatments
resulted in more abundant lipid accumulation wihike tncrease of concentration. However, the
treatment with LA did not show any effect. The pintlevel of PPAR was measured
synchronously, which was shown to be closely cateel with the phenotype of Qil Red O
straining (Fig. 2 B, D and F). The 3xPPRE luciferesporter assay was used to further clarify the
activity of PPAR in HEK293T cells. As shown in supplemental FigD2A and ALA, but not
LA, could well activate PPAR
3.3 GPR120 was related to the pro-adipogenic funcim of ALA

To determine the involvement of GPR120 in mediatimg pro-adipogenic effect of ALA,

lentivirus-mediated shGPR120 3T3L1 cells were distadd to knock down the expression of
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GPR120 in 3T3-L1 adipocytes. As seen in ORO stginiells, ALA did not affect lipid
accumulation of 3T3L1 adipocytes at any concemngti There was also no different effect on the
expression of PPARat either mRNA or protein level (Fig. 3). Thessulés implied the function
of GPR120 in the pro-adipogenic function of ALA.
3.4 Synthetic agonist TUG-891 promoteddipogenesis in a GPR120-dependant manner
To verify the precise function of GPR120 on adipugss, the potent and selective agonist
TUG-891 was used to activate GPR120 in the 2-d#fierdintiated 3T3-L1 cells, and then
triglyceride accumulation and expression of PRA&d aP2 were determined in 6-day
differentiated 3T3-L1 cells. As shown by the oildr® staining images, the triglyceride
accumulation in the 6-day differentiated 3T3-L1Iselas significantly improved with the
increase of TUG-891 concentration (0 to 1,0@) (Fig. 4A). In addition, 10 and 10QM
TUG-891 treatment significantly increased mRNA amdtein expression of PPARNn 6-day
differentiated 3T3-L1 cells (Fig. 4B and C). Similaffect of TUG-891 on triglyceride
accumulation was also observed in the differerdigtarcine SV cells (supplemental Fig. 1B).
In the differentiated shGPR120 3T3-L1 cells, TUG-8did not enhance the triglyceride
accumulation and the mRNA levelsPPARy2 andaP2 (Fig 4D). Furthermore, luciferase reporter
assay was performed to investigate whether TUG-@&% ALA increased the transcriptional
activity of PPAR. The 3xPPRE-luc and porcine GPR120 overexpressiasmid or empty
pcDNAS3.1 plasmid were co-transfected into HEK29&Ils; and then the luciferase activity was
measured after agonist stimulation. Fig. 4E showed in both GPR120 and empty plasmid
transfected cells, the luciferase activity in il rosiglitazone (Rosi) or 100M ALA treatment
was greater than that in DMSO treatment (contdd)shown in Fig. 4F, TUG-891 significantly
increased the luciferase activity in the cells ¢fanted with porcine GPR120 in a dose-dependent
manner. However, TUG-891 failed to increase lueser activity in the cells transfected with

empty plasmid.

3.5 Effect of GPR120 on the activation of intracelilar calcium [Ca®]i and ERK1/2 signaling
To test whether GPR120 activation induced intratallcalcium mobilization and ERK1/2
activation, 2-day differentiated 3T3-L1 cells wereated with TUG-891, and the [€h and

phosphorylation level of ERK1/2 were determined. égected, thapsigargin (TG) treatment
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significantly increased the [€3i level as a positive control, whereas the basalig treated with
basic media did not show any change in?fdevel. Moreover, stimulation of 10, 25 and 100
uM TUG-891 transiently increased the fGalevels in the 2-day differentiated 3T3-L1 ceiitsa
concentration-dependent manner (Fig. 5A). In aoldjtithe 2-day differentiated 3T3-L1 cells
stimulated with 100uM TUG-891 for 5-15 min induced a pronounced inceca$ ERK1/2
phosphorylation (Fig. 5B).

Furthermore, a membrane-permeable intracellulaiwal chelator (BAPTA-AM) was used to
clarify whether the ERK1/2 signaling was in the datveam of [C&]i signaling. As shown in Fig.
5C, compared with the untreated cells, the celsatéd with BAPTA-AM had lower
phosphorylation level of ERK1/2. Additionally, cellpretreated with BAPTA-AM prior to
TUG-891 stimulation had a lower phosphorylationelewf ERK1/2 compared with those
stimulated with TUG-891 alone. In contrast, in BER120 knockdown cells, TUG-891 did not

increasdhe phosphorylation level of ERK1/2 (Fig. 5D).

3.6 Effect of intracellular calcium on TUG-891-stinulated adipogenesis in 3T3-L1 cells

To clarify whether [C&]i contributes to the adipogenesis induced by GRRaivation, the
2-day differentiated 3T3-L1 cells were treated withG-891 and BAPTA-AM respectively or
TUG-891 combined with BAPTA-AM for 4 days, and therglyceride accumulation was
measured. As shown in Fig. 6A, compared with utdckaell, the cells treated with TUG-891 had
an increased triglyceride accumulation, whereasctiks pretreated with BAPTA-AM showed
decreased TUG-891-induced triglyceride accumulat@ompared with the basal treatment, the
TUG-891 treatment significantly elevated the mRN#ression levels dPPARy2 andaP2 (Fig.
6B) as well as the protein level of PPALFIg. 6C). Moreover, this elevating effect of T894
was attenuated by pre-treatment with BAPTA-AM. tidigion, incubation of BAPTA-AM alone
notably decreased the luciferase activity in botRRG20 and empty plasmid transfected
HEK293T cells. Moreover, pre-treatment of GPR12@ns$fected cells with BAPTA-AM

abolished the increase of luciferase activity iretlby TUG-891 (Fig. 6D).

3.7 Effect of ERK1/2 on TUG-891-stimulated adipogessis in 3T3-L1 cells

ERK1/2 signal might be responsible for the adipigeffect in the downstream of [E3.
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To identify the role of ERK1/2 in GPR120-inducedpadjenesis, the 2-day differentiated 3T3-L1
cells were treated with TUG-891 and U0126 respebtior TUG-891 combined with U0126 for 2
days to measure PPARexpression and for 4 days to determine triglyae@dcumulation. As

shown in Fig. 7A, pretreatment with U0126 reducaéglytceride accumulation and declined the
acceleration of TUG-891 on adipogenesis. Pre-inmsbaith U0126 abolished TUG-891-induced
increase in ERK1/2 phosphorylation. TUG-891 did podbmotethe phosphorylation level of

ERK1/2 in the GPR120 knockdown cells (Fig. 7B). ®mver, U0126 pretreatment also
dramatically restored the increased mRNA level®PARy2 andaP2 and the protein expression
of PPARy due to TUG-891 stimulation (Fig. 7C and D). In gidd, pre-treatment of GPR120
transfected cells with U0126 attenuated the inereddluciferase activity induced by TUG-891

(Fig. 7E).
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4. Discussion

Until now, there have been increasing evidencesodstrating that the adipose tissue has
profound effects on glucose and energy homeost@isen and Spiegelman, 2014). The

adipogenesis process is regulated by a large bio@gtors ranging from the extracellular space to
the nuclear depot and involves a complex and otdted program of adiposity-related gene

expression (Otto and Lane, 2005; Tang and Lane?)2@everal studies have demonstrated that
GPR120 may function as a novel fatty acid sensmptor and play a notable role in regulating

obesity both in vivo and in vitro (Gotoh et al.,0ZQ Ichimura et al., 2012; Oh et al., 2010).

Understanding the role and underlying mechanisr®®R120 in adipogenesis will undoubtedly

facilitate the understanding of the relationshigween selective fatty acids and obesity and
obesity-related disease.

The 3T3-L1 preadipocyte is a good model in vitrar fcharacterizing preadipocyte
differentiation and faithfully recapitulating thelipogenic step from preadipocytes to adipocytes
(Tang and Lane, 2012). By using RNAIi, Gotoh etraported that GPR120 knock-down in
3T3-L1 cells inhibited adipogenesis. In the prestatly, the adipogenic ability was significantly
inhibited in shGPR120 transfected cells, indicatingt GPR120 may play a role in adipogenesis.
An earlier study has shown that high expressioBBR120 was detected in four kinds of mouse
fat tissues and the differentiated adipocytes btuimpreadipocytes (Gotoh et al., 2007; Miyauchi
et al., 2009). In this study, we found that the mRNvel of GPR120 was undetectable in the
initial stage of differentiation but was dramatigahcreased after 2-day induction of 3T3-L1 cells.
Therefore, the 2 day-differentiated 3T3-L1 cellsravencubated with natural ligands and a
synthetic agonist (TUG-891) (Shimpukade et al., 20t clarify the role of GPR120 in the

adipogenesis.

As natural ligands of GPR120, several long chailypwsaturated fatty acids (Lc-PUFAS)
have been demonstrated to modulate the 3T3-L1 gdipo differentiation. However, the effects
of the Lc-PUFAs are inconclusive. DHA is shown mhibit, promote or even not affect the
differentiation of preadipocytes to adipocytes lik¢her fatty acids (Barber et al., 2013;
Casado-Diaz et al.,, 2013; Kim et al.,, 2006; Mustlial.,, 2014; Wang et al., 2016). In our

experiment, similar to the study of Kim et al. (B)@Kim et al., 2006), DHA could significantly
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inhibit the lipid accumulation and the protein leeé PPARy in a dose-dependent manner from
the 2 days after MDI-induction to the terminatidrddferentiation. On the other hand, DHA may
suppress lipid droplet formation and increase Yipisl by up-regulating adipose triglyceride lipase
(ATGL) (Barber et al., 2013). Unlike the resultskiim et al. (2006), 3T3-L1 cells pretreated with
DHA for 24 h before the MDI-induction showed pragatenic phenotype due to the DHA
treatment (Murali et al., 2014). In addition, byingsthe luciferase reporter system, DHA was
demonstrated as a natural ligand of PRARHEK293T cells in the present study. Wang et al.
(2016) reported that the enhancement of adipogeniesinouse adipose tissue-derived stromal
cells (ADSC) was observed in both ALA and LA treatits (Wang et al., 2016). In our results,
only ALA could promote adipogenesis by activatir@MRy. The luciferase reporter experiments
showed that the ALA, not LA, can well activate PBA&S reported by others (Lecka-Czernik et
al., 2002). Furthermore, ALA cannot improve adipugms in the GPR120-knockdown cells,
suggesting that GPR120 may be related to the ingpnent of adipogenesis by ALA. Based on
the different effects of fatty acids, we therefoh®se the synthetic agonist TUG-891 (Shimpukade
et al., 2012) to study the signaling mediated byRGZ0 in adipogenesis to avoid other potential
GPR120-independent mechanisms which are involveédemole of natural ligands in the present
study.

We showed that TUG-891 promoted adipogenic progiredsoth 3T3-L1 and porcine SV
cells. Although GPR40 may be also activated by T&8&-in murine cells, it is not expressed in
the murine preadipocytes and adipocytes from thpoad tissues (Gotoh et al., 2007). Both in
3T3-L1 preadipocytes and adipocytes, the mRNA esgioe level of GPR40 was low but the
expression of GPR120 was shown to be significamtyeased during the differentiation of
predipocytes to mature adipocytes (Oh et al., 20A@yitionally, we have previously reported
that porcine GPR120 shares a higher homology witmadn GPR120 compared with mouse
GPR120, and TUG-891 is a potent agonist for porGR&120 (Song et al., 2015).

TUG-891 increased both mRNA and protein expressioRPARy, indicating that GPR120
might promote adipogenesis via PPARiowever, it should be noted that PPABhd GPR120
have similar ligand binding pockets and share commuoatural agonists including
eicosapentaenoic acid and DHA (Gim et al., 2013jd6n et al., 2014; Suzuki et al., 2008). It has

been demonstrated that the agonist of PPAIRo increases the expression of GPR120 in 3T3-L1
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cells (Gotoh et al., 2007). Although TUG-891 is atgmt agonist for GPR120, no evidence is
available for the relationship between TUG-891 BRRARy. Therefore, it is interesting to clarify
whether the dose of TUG-891 used in the presedystan activate PPARdirectly. By using X
PPRE-luc reporter assay, we showed that TUG-89teased the activation of PPARN
HEK293T cell transfected with GPR120-pcDNA3.1 bat with empty plasmid. The expression
of GPR120 in HEK293T cells was negligible and tietlsetic agonists cannot activate GPR120
signaling in HEK293T cells (Briscoe et al., 2000n§ et al., 2015). Thus, these results suggested
that the responses observed were indeed mediat&PB120, which excluded the possibility of
TUG-891 to activate PPARdirectly.

The intracellular signaling that mediates the aggnesis induced by GPR120 still remains
largely unknown. In the present study we showet Thi5-891 induced the activation of [ER
and ERKZ1/2 signaling in 3T3-L1 cells. Moreover, ubation of TUG-891 combined with
BAPTA-AM or U0126 abolished TUG-891-induced adipogsis. From our results, we speculate
that [C&"]i and ERK1/2 signaling are involved in GPR120-indd adipogenesis. Activation of
ERKZ1/2 is likely to facilitate adipogenesis at thdotic clonal expansion (MCE) stage, but block
adipogenic gene expression in later stage of adipegs (Bost et al., 2005a; Burgermeister and
Seger, 2007; Prusty et al., 2002). MCE is a reduifease in the adipogenic program (Otto and
Lane, 2005; Tang and Lane, 2012). The differeatiadf 3T3-L1 cells has two rounds of MCE.
The first round is finished in 24-36 h after adipo@ induction and another round is completed in
48-60 h, which results in an increase >2-fold ith sember at day 2Kim et al., 2007; Tang et al.,
2003) In addition, there is evidence suggesting that jB£")i appears to exert a biphasic
regulatory function in the preadipocyte differetiia. Both in mice and human preadipocyte cells,
the increase of [G4i in early stages before 2 days suppresses thegogelic differentiation,
whereas it promotes adipogenic differentiationhia later stage (Liu and Clipstone, 2007; Mora et
al., 2002; Neal and Clipstone, 2002; Ntambi andovak 1996). In 3T3-L1 cells, GPR120 was
expressed from 2 days after adipogenic inductidni¢chvis the beginning of the second round of
MCE. These evidences indicate that the activatibfiCa’]i and ERK1/2 by the TUG-891 is
favorable for the following terminal differentiatio Recently, a research group reported that
GPR120 is activated by low concentration of TUG-81promote the adipogenesis of bone

marrow mesenchymal stem cells (BMMSC), while higkencentration of TUG-891 fails to
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facilitate BMMSC adipogenesis (Gao et al., 2018)hiis study, 3T3-L1 preadipocyte is known as
a determined adipogenic cell line, which is diffarlom BMMSC. Moreover, GPR120 was only
slightly expressed at the beginning of the difféieion of 3T3-L1 preadipocytes. These
phenomena may result in diverse mechanisms of GPRiLgulating the adipogenesis of stem
cells and preadipocytes.

Both our results and those from previous studiestbér groups suggest that GPR120 is
required for normal adipogenesis (Gotoh et al.,7206himura et al., 2012). The expression of
GPR120 was significantly increased in both subadas (SAT) and visceral (VAT) adipose
tissues in the obese individual (Ichimura et a12). However, another group reported that
morbidly obese individuals have lower expressiorG&fR120 protein and mRNA in VAT than
lean humans (Rodriguez-Pacheco et al., 2014).i3lla¢ discrepancy between studies (Ulven and
Christiansen, 2015). In fact, GPR120 plays an ingmarrole in systemic homeostasis (Oh et al.,
2010; Oh et al., 2014). The GPR120-deficient mieeeasy to develop obesity and other obesity
metabolic problems with decreased adipocyte adipegje and promoted hepatic lipogenesis than
the wild type mice (Ichimura et al., 2012). Besideseems that the GPR120 expressed in mature
adipocytes might induce the production of C16:1almitoleate, which has been proposed to be a
lipid hormone (Cao et al., 2008), to regulate systemetabolic homeostasis (Ichimura et al.,
2012). Chen et al. have reported that C/ERRays a critical role in the regulation of GPR120
expression in 3T3-L1 cells (Chen et al., 2016js Interesting to know whether C/EBPhediates
the regulation of fatty acids on GPR120 expressitniese results suggest the association between
GPR120 and obesity and imply that the role of GRRib2metabolic regulation is still not fully
clarified (Ulven and Christiansen, 2015).

In summary, our data demonstrate that synthetienia TUG-891-induced GPR120
activation in 2-day differentiated 3T3-L1 adipocyiacreases the expression of adipogenic master
regulator PPAR, resulting in the increased expression of lipogenarker genes and stimulated
triglyceride accumulation. GPR120-mediated adipegenis transduced via at least one vital
[Ca®"i-ERK1/2 pathway. Our results for the first timerdonstrate the signaling involved in
GPR120-induced adipogenesis in 3T3-L1 adipocytesvéver, further studies are still needed to
elucidate the precise mechanism. GPR120 has bempoged as a potential target to treat

obesity-related inflammation and diabetes. Forahendant expression of GPR120 in fat tissues
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(Gotoh et al., 2007), studying the role and medranof GPR120 in adipogenesis, interaction
between adipocytes and macrophage and productionadiyponectin will improve the
understanding of the physiological processes méatigd by selective fatty acids and help the
development of GPR120-targeted compound to trezgitjbrelated disease.
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Figures

Fig.1 GPR120 knockdown decreased adipogenesis in38T1 cells.

The 3T3-L1 cells were induced with normal adipogeMiDI cocktail for 6 days and the cells
were harvested at indicated time points. The egmadevels ofGPR120 and adipogenic marker
genesPPARy2 andaP2, were detected by gPCR using mofisactin as an internal control (A).
The lentivirus-mediated GPR120 knockdown cells westablished and MDI-differentiated for 6
days. The triglyceride accumulation was measure@RQ staining with 200x magnification (B).
The levels 0iGPR120, PPARy2 andaP2 mRNA were tested by qPCR (C) and the protein lefel
PPARy was measured by western blot (D). The resultsesgmt mean + SD of three separate
experiments andP<0.05, **P<0.01, *** P<0.001 compared with the control.

Fig.2 Effect of polyunsaturated fatty acids on adipgenesis in 3T3L1 cells.

After 48 h treatment with MDI, 3T3-L1 cells wereated with 10, 100 and 2@ DHA, ALA,

LA for 2 or 4 days. Control cells treated with DM%(ne after 48 h treatment with MDI were
included as control. After 4-day treatment, thglygeride accumulation in cells was measured by
ORO staining with 200x magnification (A, C, E). Aft2-day treatment, the cells were collected
for protein extraction. Proteins were subjectedvéstern blot analysis of PPARB, D, F). The
results represent mean + SD of 2 separate expdsnamd *P<0.05, **P<0.01, ** P<0.001
compared with the control.

Fig.3 Role of GPR120 in the pro-adipogenic functioof ALA

After 48 h treatment with MDI, 3T3-L1 cells wereated with 10, 100 and 2@d4 ALA for 2 or

4 days. Control cells treated with DMSO alone afi@rh treatment with MDI were included as
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control. After 4-day treatment, the triglyceridecamulation in cells was measured by ORO
staining with 200x magnification (A). After 2-dayeatment, the cells were collected for total
RNA and protein extraction. The gene expressioRRARy2 andaP2 in cells was quantified by
gPCR analysis (B). Proteins were subjected to wedilt analysis of PPAR(C). The results
represent mean = SD of 3 separate experiments R«@.85, **P<0.01, *** P<0.001 compared
with the control.

Fig.4 TUG-891 promoted adipogenesis in a GPR120-depdant manner

After 48 h treatment with MDI, 3T3-L1 cells weree&ted with 1, 10 and 1QM TUG-891 or
DHA for 2 or 4 days. Control cells treated with D%lone after 48 h treatment with MDI were
included as control. After 4-day treatment, thglygeride accumulation in cells treated with
TUG-891 (A) was measured by ORO staining with 2@tagnification. After 2-day treatment, the
cells were collected for total RNA and protein axtron. The gene expression RPARy2 and
aP2 in cells treated with TUG-891 (B, C) was quantfiey gPCR analysis. Proteins were
subjected to western blot analysis of PRARiIg GPR120 overexpression plasmid or pcDNA3.1
empty plasmid with 3xPPRE luciferase vector waadfected into HEK293T cells. After 18 h
serum free starvation, the transfected cells wesdd with DMSO (control), 100M TUG-891,
100 uM ALA and 10uM Rosi (D) or 1-10QuM TUG-891(E) for 6h. The luciferase activity was
measured from the cell lysis and adjusted by thalRevalues. The results represent mean + SD

of three separate experiments afe0.05, **P<0.01, *** P<0.001 compared with the control.

Fig.5 Effect of GPR120 on the activation of intrackular calcium [Ca?®']i and ERK1/2

signaling.

The 3T3-L1 cells at day 2 of differentiation weeseeded from 6-well plate to 96 well assay plate
with black side and clear bottom and incubated?tbh. The cells were loaded with Fluo8-AM as
described in methods. Then, cells were stimulatigd WG (1.5uM) or TUG-891(10, 25 and 100
uM) or DMSO (basal) at the time indicated with tleel mrrow. Cellular basal calcium level was
measured for 20 s before the stimulation. The tegelpresent mean + SEM of three separate
experiments (A). The 2-day differentiated 3T3-Llscwvere treated with 100M TUG-891 from

0 to 60 min. The phosphorylated ERK1/2 was meashyeaestern blot (B). The 3T3-L1 cells (C)

or GPR120 knockdown 3T3-L1 cells (D) at day 2 dfadentiation were pre-incubated with 20
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uM BAPTA-AM for 30 min, and then TUG-891 was addeat fan additional 15 min before
measuring the expression level of pERK1/2 by west#ot. The results are representatives of

three separate experiments.

Fig.6 Effect of intracellular calcium [Ca?"]i on the TUG-891-stimulated adipogenesis in
3T3-L1 cells

The 3T3-L1 cells at day 2 of differentiation wenmencubated with 1¢M BAPTA-AM for 30
min, and then TUG-891 was added for an additionalags for ORO staining analysis of
triglyceride accumulation (200x magnification), for an additional 2 days for g°PCR analysis of
PPARy and aP2 expression (B) and western blot analysis of PPAR). Pig GPR120
overexpression plasmid or pcDNA3.1 empty plasmidhwBxPPRE luciferase vector was
transfected into HEK293T cells and the transfecilts were treated with 1M TUG-891, 10
uM BAPTA-AM, or combination of TUG-891 and BAPTA-AND) for 6 h after 18 h serum free
starvation. The luciferase activity was measurednfthe cell lysis and adjusted by the Renilla
values. The results represent mean = SD of thrparate experiments andP%0.01 compared

with the control.

Fig.7 Effect of ERK1/2 on TUG-891-stimulated adipognesis in 3T3-L1 cells

The 2-day differentiated 3T3-L1 cells were pre-inated for 30 min with 1@M U0126, and then
TUG-891 was added for an additional 4 days for Gfdining analysis of triglyceride
accumulation (200x magnification), or for an addifl 2 days for western blot analysis of
phosphorylation level of ERK1/2 (B), qPCR analy#$PARy2 andaP2 expression (C) and
western blot analysis of PPARD). Pig GPR120 overexpression plasmid or pcDNA3.1 empty
plasmid with 3xPPRE luciferase vector was transfiéatito HEK293T cells and the transfected
cells were treated with 1M TUG-891, 10uM U0126, or combination of TUG-891 and U0126
(D) for 6 h after 18 h serum free starvation. Tingferase activity was measured from the cell
lysis and adjusted by the Renilla values. The tesapresent mean + SD of three separate

experiments and P<0.01 compared with the control.

Supplemental Fig. 1Effect of GPR120 activation by TUG-891 on adipogersés in pig
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primary SV cells.

SV cells were isolated and differentiated as dbedrin methods. Total RNA was extracted at the
indicated time points of differentiation and reestsinto cDNA. The expression @PR120,
PPARy andaP2 was measured by Q-PCR (A). After 48 h differerdiain MDI cocktail, the SV
cells were incubated with 0-100M TUG-891 for 6 d and stained by ORO with 200x

magnification (B).

Supplemental Fig. 2Activation of fatty acids on PPARy by luciferase reporter system.

3xPPRE luciferase vector were transfected into HER2cells and the cells were treated with
DHA, ALA and LA in the indicated concentrations i after 18 h serum free starvation. The
luciferase activity was measured from the celldyamid adjusted by the Renilla values. The results

represent mean + SD of three separate experimedts*'8<0.01 compared with the control.
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1, DHA, ALA, LA showed the different effects on adipogenesis and GPR120 was
related to the pro-adipogenic function of ALA

2, TUG-891, a selective agonist of GPR120, promoted adipogenesis in a
dose-dependent manner and did not enhance adipogenesis in shGPR120 transfected
cells.

3, TUG-891 increased expression of PPARy in a GPR120-dependent manner.

4, Cat*-ERK 1/2 signaling contributed to the GPR120-induced lipogenesis.





