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Abstract

Fatty acids can function as signaling molecules, acting through receptors in the cytosol or on the

cell surface. G-Protein Receptor (GPR)120 is a membrane-bound receptor mediating anti-

inflammatory and insulin-sensitizing effects of the omega-3 fatty acid docohexaenoic acid (DHA).

GPR120 dysfunction is associated with obesity in humans. Cellular localization of GPR120 and

the influence of maternal obesity on GPR120 protein expression in the placenta are unknown.

Herein we demonstrate that GPR120 is predominantly expressed in the microvillous membrane

(MVM) of human placenta and that the expression level of this receptor in MVM is not altered by

maternal body mass index (BMI).
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Introduction

Fatty acids are an important source of nutrients and energy, but also act as signaling

molecules regulating cell function. In primary human trophoblast cells (PHTs) fatty acids

influence inflammatory responses, lipid accumulation, and transport functions [1–5]. Fatty

acids can exert cellular effects via several different mechanisms, including receptors on the

cell surface. In 2005, the membrane-bound protein GPR120 was identified as a receptor for

unsaturated long-chain fatty acids [6]. Subsequently GPR120 has been shown to mediate the

anti-inflammatory effects of DHA [7]. In obese individuals adipose tissue GPR120
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expression is increased [8] and dysfunction of this receptor is implicated in the

pathophysiology of obesity [7–9].

Obesity in pregnancy is associated with increased placental inflammation [10–12], which

may be modulated by altered GPR120 signaling. GPR120 is expressed at the mRNA level in

the human placenta and placental GPR120 mRNA expression correlates inversely with

maternal BMI in male fetuses [13]. However, the cellular localization and influence of fetal

or maternal adiposity on placental GPR120 protein expression is currently unknown.

Methods

Placenta collection

Placental tissue was collected with informed written consent (Institutional Review Board

approved protocol: HSC20100262H). De-identified placental tissue and relevant medical

information were added to a tissue repository. Thirty women with uncomplicated, term

pregnancies (>37 weeks of gestation) were selected for this study. All deliveries were by

Cesarean-sections performed before onset of labor. Placentas were collected immediately

after delivery, decidua basalis and chorionic plate removed, and villous tissue rinsed in ice-

cold physiological saline.

Immunohistochemistry

Villous tissue was fixed in formalin, embedded in paraffin, and cut into 5 µm sections.

Immunohistochemistry was performed as described previously [14]. The anti-GPR120

antibody was purchased from Abcam (Cambridge, UK; ab97272), diluted in blocking serum

(final concentration 10 µg/ml; negative control without primary antibody) and incubated

overnight (4°C).

MVM-vesicle isolation

All procedures were performed on ice. Villous tissue was homogenized in ice-cold buffer

(250 mM sucrose, 10 mM Hepes, pH 7.4) containing protease and phosphatase inhibitors;

isolation of syncytiotrophoblast MVM-vesicles from placental homogenates was

accomplished by Mg2+ precipitation [15]. Alkaline phosphatase enrichment was at least

tenfold higher in MVM-vesicles compared to homogenates and did not significantly differ

between the groups (Table 1).

Western blot

Western blots were performed on pre-cast gels (BioRad, Hercules, CA) and proteins

transferred to PVDF membranes. Membranes were stained for total protein with Amido

Black stain (Sigma-Aldrich, St. Louis, MO) [16], blocked in 5% non-fat milk, and probed

with anti- GPR120 antibody (ab97272, Abcam; final concentration 1µg/ml) overnight (4°C).

Immunolabeling was visualized with peroxidase-labeled secondary antibody and

SuperSignal Dura West detection solution (Thermo Scientific, Rockford, IL) in a G:Box

(Syngene, Cambridge, UK). GPR120 expression was adjusted for total protein loaded.
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Statistics

Statistical differences were evaluated by t-test, one-way ANOVA (Tukey’s post-hoc test) or

Pearson’s correlation using GraphPad Prism 5 (La Jolla, CA). P<0.05 was considered

significant.

Results and Discussion

Maternal, newborn, and placental characteristics did not differ between the three groups,

except for maternal BMI which by design was significantly different (P<0.001; Table 1).

Newborn ponderal index (r=0.437, P<0.05) correlated positively with maternal BMI.

Immunohistochemical staining of GPR120 was predominantly observed in the MVM

(Figure 1A). This suggests that fatty acids in the maternal circulation have direct access to

GPR120 in the syncytiotrophoblast and could affect trophoblast signaling through this

receptor.

GPR120 was detected as a band at ~42–43 kDa (Figure 1B). Because obesity is associated

with altered GPR120 expression in human adipose tissue [8], we investigated the effect of

maternal BMI on GPR120 MVM-expression. However, maternal adiposity does not

influence GPR120 MVM-expression, as expression levels were similar between placentas

from normal weight, overweight, and obese women (Figure 1C). This finding is inconsistent

with a previous report showing that placental GPR120 mRNA expression in male fetuses

correlate inversely with maternal BMI [13]; suggesting that whole tissue mRNA expression

does not reflect membrane-bound protein levels of this receptor. Even if MVM GPR120

protein expression is unaffected by maternal obesity, there are numerous mechanisms by

which GPR120 signaling could modulate the placental inflammation reported in pregnancies

complicated by obesity [10–12]. For example, maternal obesity is likely to be associated

with changes in circulating levels of endogenous ligands, the GPR120 receptor may be

dysfunctional as reported in adipose tissue of obese individuals [8], or the intracellular

signaling pathway may be impaired. In contrast to the reported differential effects of fetal

sex on placental GPR120 mRNA expression [13], GPR120 MVM-expression was

unaffected by fetal sex (Figure 1D). Furthermore, GPR120 MVM-expression levels were not

associated with fetal adiposity (estimated by ponderal index) or birth weight (Figure E–F).

In conclusion, GPR120 is expressed primarily in the MVM of human, term placenta. This

observation suggests that fatty acids in the maternal circulation could affect trophoblast

cellular signaling mediated by GPR120 receptor activation. The functional importance and

downstream effects of activating this receptor in the placenta remains to be determined.
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• We show that the fatty acid receptor GPR120 is expressed in human placenta

• GPR120 is predominantly localized to the MVM of the syncytiotrophoblast

• Expression of placental GPR120 is not affected by maternal or fetal

characteristics
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Figure 1. GPR120 is expressed in the MVM of human placenta
Immunohistochemistry of GPR120 in human term placenta (A); MVM (black arrow); scale

bar 20 µm; negative control shown as insert. Nuclei stained with hematoxylin.

Representative Western blots of isolated MVM vesicles (B). GPR120 expression in isolated

MVM vesicles adjusted for total protein stain: data grouped according to maternal pre-/

early-pregnancy BMI (C) or fetal sex (D). Data are presented as mean + SEM. Correlations

between GPR120 expression in isolated MVM vesicles and birth weight (E) or newborn

ponderal index (F).
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Table 1

Clinical Characteristics

Normal BMI
(BMI<25 kg/m2)

Overweight
(BMI 25–30 kg/m2)

Obese
(BMI>30 kg/m2)

P-value
(ANOVA)

Mother

N 10 10 10 -

Age 27.7 ± 1.8 27.4 ± 1.4 27.0 ± 1.9 0.96

BMI 21.6 ± 0.7 26.8 ± 0.4** 36.3 ± 1.3*** <0.0001

Ethnicity (% Hispanic) 70% 70% 80% -

Newborn

GA at delivery 39.3 ± 0.3 39.1 ± 0.1 39.5 ± 0.3 0.64

Fetal sex (female/male) 5/5 5/5 5/5 -

Birth weight (g) 3326 ± 79 3477 ± 175 3701 ± 120 0.14

Birth length (cm) 51.0 ± 0.5 50.4 ± 0.7 51.2 ± 0.6 0.68

Ponderal Index (100 × g/cm) 2.5 ± 0.1 2.7 ± 0.1 2.8 ± 0.1 0.10

Placenta

Weight (g) 718 ± 61 766 ± 46 804 ± 49 0.52

Alk. Phos. † activity 14.9 ± 1.7 16.4 ± 1.8 14.6 ± 0.6 0.66

Data are presented as mean ± SEM. Maternal BMI based on pre-pregnancy or first trimester weight.

**
P<0.01 vs. Normal BMI;

***
P<0.001 vs. Normal BMI and Overweight evaluated by one-way ANOVA followed by Tukey’s post hoc test. GA, gestational age;

†
Alk. Phos., alkaline phosphatase activity enrichment in isolated MVM-vesicles compared to placental homogenate.
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