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Abstract

Aims: To assess the role of GPRI120 in glucose metabolism and incretin regulation from
enteroendocrine L- and K-cells with determination of the cellular localisation of GPR120 in intestinal

tissue and clonal Glucagon-Like Peptide-1 (GLP-1)/Gastric Inhibitory Polypeptide (GIP) cell lines.

Main methods: Anti-hyperglycaemic, insulinotropic and incretin secreting properties of the GPR120
agonist, GW-9508 were explored in combination with oral and intraperitoneal glucose tolerance tests
(GTT) in lean, diabetic and incretin receptor knockout mice. Cellular localisation of GPR120 was

assessed by double immunofluorescence.

Key findings: Compared to intraperitoneal injection, oral administration of GW-9508 (0.1umol/kg
body weight) together with glucose reduced the glycaemic excursion by 22-31% (p<0.05-p<0.01) and
enhanced glucose-induced insulin release by 30% (p<0.01) in normal mice. In high fat fed diabetic
mice, orally administered GW-9508 lowered plasma glucose by 17-27% (p<0.05-p<0.01) and
augmented insulin release by 22-39% (p<0.05-p<0.001). GW-9508 had no effect on the responses of
GLP-1 receptor knockout mice and GIP receptor knockout mice. Consistent with this, oral GW-9508
increased circulating total GLP-1 release by 39-44% (p<0.01) and total GIP by 37-47% (p<0.01-
p<0.001) after 15 and 30 min in lean NIH Swiss mice. Immunocytochemistry demonstrated GPR120

expression on mouse enteroendocrine L- and K-cells, GLUTag cells and pGIP/Neo STC-1 cells.

Significance: GPR120 is expressed on intestinal L- and K-cells and stimulates GLP-1/GIP secretory
pathways involved in mediating enhanced insulin secretion and improved glucose tolerance, following
oral GW-9508. These novel data strongly support the development of potent and selective GPR120

agonists as an effective therapeutic approach for diabetes.



1. Introduction

GPR120, an long-chain fatty acid receptor, plays a key role in maintaining metabolic homeostasis.
GPR120 is a rthodopsin-like GPCR which belongs to a class of receptors including GPR40, GPR41,
GPR43 and GPR&4 that are activated by free fatty acids (1-4). The GPR120 gene is located on
chromosome 10g23.3 and the protein exhibits only 10% homology to GPR40 (5). GPR120 has high
affinity for saturated long chain fatty acids (14-18 carbons) and unsaturated fatty acids (16-22 carbons)
(6,7). Rodent GPR120 genes encodes for a 361 amino acid protein while two isoforms of the human
GPR120 exist including a 361 amino acid isoform (GPR120 short) and the longer isoform consisting

of 377 amino acids (GPR120 long) (6, 8).

Activation of GPR120 results in coupling to Gog, stimulating the protein kinase C (PKC)
pathway and enhancing intracellular Ca>" concentrations (3,6,9). GPR120 cell signalling was tissue
specific, for example adipocytes require the Gy11 protein whereas macrophages utilise the f-arrestin
adaptor proteins for GPR120 activation (10). In addition, GPR120 can also stimulate ERK1/2,
phosphoinositide-3 kinase and serine/threonine protein kinase Akt pathways in cell lines expressing

GPR120 (11-13).

Expression of GPR120 has been found predominantly in the intestines, adipose tissue, lungs,
spleen and pro-inflammatory macrophages (3, 14). GPR120 was also specifically co-localised on
insulin secreting beta cells (15, 16) and somatostatin secreting delta-cells (17). Additionally, studies
using GPR120 knockout mice displayed an integral role in islet function and glucose homeostasis
involving regulation of glucagon secretion from alpha cells (18). Intestinal expression of GPR120 was
confirmed on GLP-1 secreting L-cells including STC-1 cells (6) and GLUTag cells (19). GPR120
expression was identified on GIP secreting enteroendocrine K-cells and played a pivotal role in lipid-
induced GIP secretion (20). GPR120 has a role in the secretion of gastrointestinal hormones including

GLP-1 (21, 22), GIP (23, 24), cholecystokinin (CCK) (24, 25) and GLP-2 (26). Acute oral



administration of alpha linolenic acid (ALA) increased plasma GLP-1, and 28-day treatment of ALA
augmented plasma GLP-1, insulin and pancreatic beta cell proliferation (21). Both omega-3 fatty acids

EPA and DHA are also potent stimulators of GLP-1 secretion (27).

GW-9508 is a chemically synthetic dual agonist for GPR40 and GPR120 (7, 28) while
synthetic antagonist GW-1100 is specific for GPR40 with no affinity for GPR120 (7). GW-9508
treatment increased insulin secretion through Ca®" dependent pathways in pancreatic beta cells (7,
16). Conversely, a study found that GPR120 agonist GW-9508 inhibited insulin secretion from clonal
beta cells (29). GW-9508 attenuated norepinephrine-induced ghrelin secretion from ghrelin cell lines
and plasma ghrelin in mice via GPR120 (30). Additionally, GW-9508-induced active GLP-1
secretion in primary human colonic cultures (31). Furthermore, acute and long-term administration
of GW-9508 displayed anti-hyperglycaemic and insulinotropic properties with improved insulin

sensitivity in high fat fed mice (28, 32).

Few studies have evaluated the effects of GW-9508 on intestinal enteroendocrine cells and the
secretion of the incretin hormones; gastric inhibitory polypeptide (GIP) and glucagon like peptide-1
(GLP-1). In this study, we assessed the effects of GW-9508-induced activation of GPR120 on glucose
homeostasis, insulin and incretin hormones in lean, diabetic and incretin receptor knockout mouse
models. Furthermore, we determined the cellular localisation of GPR120 in GLP-1 secreting GLUTag
cells, GIP secreting pGIP/neo STC-1 cells and jejunum tissue from NIH Swiss mice. These studies

indicate therapeutic potential of multi-acting GPR120 agonists for type 2 diabetes.



2. Materials and Methods

2.1 Materials

GW-9508 was purchased from Sigma-Aldrich (Poole, UK). GIP (1-42) and GLP-1 (7-36) were
purchased from GL Biochem (Shanghai, China). Total GLP-1 and total GIP ELISA kits were obtained
from Millipore (Watford, UK). Rabbit anti-GPR120 (H-155), goat anti-GLP-1 (F-15) and goat anti-
GIP (Y-20) polyclonal IgG antibodies were obtained from Santa Cruz Biotechnology (Santa Cruz, CA,

USA).

2.2 Animals

All animal experiments were carried out in accordance with the UK Animal (Scientific Procedures)
Act 1986, the ARRIVE guidelines for reporting experiments involving animals (33) and approved by
the local Ulster Animal Welfare and Ethical Review Body (AWERB) committee (PPL 2902,
approved on 26/04/2021). Experimental animals were individually housed in an air-conditioned room
at 22 + 2°C with 12 hr light: 12 hr darkness cycles. Drinking water and standard rodent maintenance
diet (10% fat, 30% protein and 60% carbohydrate; Trouw Nutrition, Cheshire, UK) were supplied ad
libitum. To induce diabetes, male NIH Swiss mice (8-10 wk) purchased from Harlan (Blackthorne,
UK) were fed a high fat diet (35% carbohydrate, 20% protein, 45% fat (26.15 kJ/g), Special Diet
Service, Essex, UK) for 16 weeks. GIP receptor and GLP-1 receptor knockout mice maintained on a
C57/BL6 genetic background (courtesy of Prof B Thorens, Lausanne, Switzerland and Prof. DJ
Drucker, Toronto, Canada respectively) and age-matched control wild-type C57/BL6 mice were

obtained from an in-house breeding colony.

2.3 Acute effects of GW-9508 in-vivo

Non-fasted lean NIH Swiss mice (n=6) received an intraperitoneal or oral injection of glucose alone

(18mmol/kg body weight) or in combination with intraperitoneal or orally administered GW-9508



(0.1umol/kg body weight). Fasted (18 hr) high fat fed mice (n=6) received an oral injection of glucose
alone (18mmol/kg body weight) or in combination with orally administered GW-9508 (0.1umol/kg
body weight). Age-matched, non-fasted GIP receptor knockout, GLP-1 receptor knockout and wild
type C57/BL6 mice (n=6) received an oral injection of glucose alone (18mmol/kg body weight) or in
combination with oral GW-9508 (0.1umol/kg body weight). Confirmation of functional incretin
receptor knockout was achieved by demonstration of the lack of effects with GIP (1-42) or GLP-1 (7-
36) (25nmol/kg body weight) when administered in combination with glucose administered orally

(18mmol/kg body weight).

2.4  Biochemical analysis

Blood samples were obtained by cut tip from tail vein of conscious mice at the time points indicated
in the Figures and centrifuged at 13,000 rpm for 3 min at 4°C. Plasma glucose was measured by an
automated glucose oxidase procedure using a Beckman glucose analyser and insulin determined by
radioimmunoassay (34). Total GIP and GLP-1 were measured using ELISA assay kits according to

the manufacturers’ instructions (Millipore, Watford, UK).

2.5 Histology

GLUTag cells (courtesy Prof. DJ Drucker, Toronto, Canada) were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 5.5mmol/l glucose and 2mmol/l L-glutamine, 10% (v/v) fetal
bovine serum and antibiotics (penicillin (100U/ml), streptomycin (0.1mg/1)) as previously described
(35). pGIP/neo STC-1 cells (courtesy of Dr B Wice, Washington, USA) were cultured in monolayers
with DMEM media containing antibiotics (400pg/ml) and 10% foetal calf serum at 37°C in an
atmosphere of 95% air and 5% carbon dioxide (36). Cells were detached using trypsin/EDTA and
allowed to attach overnight to polylysine-coated slides and fixed using paraformaldehyde/PBS for 20
min. Antigen retrieval was achieved by incubation in sodium citrate (50mmol/I) at 90°C for 20 min.

Small intestinal tissues from lean NIH Swiss mice were fixed in 4% PFA/PBS, embedded in paraffin



wax and cut at 10pum. Sections were mounted onto polylysine-coated slides and dried on a hot plate.
Jejunum sections were dewaxed and following antigen retrieval, incubated overnight at 4°C with goat
anti-GLP-1 (1:50), goat anti-GIP (1:50) and rabbit anti-GPR120 (1:100). After washing in PBS,
sections were incubated with Alexa Fluor 488nm fluorescein donkey anti-goat and Alexa 594nm goat
anti-rabbit (1:400; Molecular Probes (Life Technologies Ltd, Paisley, UK)) for 45 min at 37°C and
DAPI nuclear stain for 15 min at 37°C. Finally, slides were washed in PBS, mounted and analysed
using a BX51 Olympus microscope equipped with an Olympus XM10 digital camera. Negative
staining in the absence of antibody was carried out on each tissue sample, as used in previous studies

[16]
2.6 Acute hormone secretion from intestinal cell lines

GLUTag and pGIPneo STC-1 cells were seeded into 24-well plates and incubated overnight in 1ml
of culture medium at 37°C and 5% COaz. After overnight incubation and preincubation with 1.1mM
glucose for 40 min, acute incubations were carried out at 37°C 5% CO; for 2 hrs in 2mM glucose in
KRBB buffer supplemented with GW9508. Test solutions were added both alone and in combination
with the GPR120 antagonist, AH7614 (10°M). After incubations, total GIP and GLP-1 were
measured using ELISA assay kits according to the manufacturers’ instructions (Millipore, Watford,

UK).

2.7 Statistical analyses
Data are expressed as the mean =+ the standard error of the mean (SEM). Results were compared using
the Student’s t-test or one-way ANOVA on Prism graph pad version 5.0. Differences in data were

considered to be statistically significant for p<0.05.



3. Results

3.1 Effects of intraperitoneal and oral GW-9508 on plasma glucose and insulin in lean mice

Oral and intraperitoneal glucose tolerance tests were utilised to determine the anti-hyperglycaemic and
insulinotropic potential of GW-9508 at 0.1pumol/kg in non-fasted NIH Swiss mice by examining its
effect when bypassing the gastrointestinal tract (Fig. 1). Compared with intraperitoneal glucose, oral
glucose decreased the glycaemic excursion by 27% (p<0.05) after 15 min and by 28% (p<0.01) after
30 min (Fig. 1A). Similarly, oral administration of GW-9508 reduced plasma glucose by 28% (p<0.01)
after 15 min, by 31% (p<0.05) after 30 min and by 22% (p<0.05) after 105 min when compared to
intraperitoneal injection of GW-9508 (Fig. 1B). The reduced glycaemic excursion was confirmed by
AUC values for oral administration of glucose (p<0.05) and GW-9508 (p<0.01) (Fig. 1C).
Additionally, oral administration of GW-9508 moderated the glycaemic excursion (p<0.05) compared
with oral glucose (Fig. 1C). Consistent with these observations, oral administration of glucose
enhanced insulin release by 27% (p<0.05) after 30 min when compared to intraperitoneal injection of
glucose (Fig. 1D). Orally administrated GW-9508 increased glucose-stimulated insulin release by 30%
(p<0.01) after 30 min when compared to intraperitoneal injection of GW-9508 (Fig. 1E). This
increased glucose-induced insulin secretion was confirmed by AUC values for oral administration of
GW-9508 (p<0.001) (Fig. 1F). Additionally, intraperitoneal injection of GW-9508 augmented glucose-
stimulated insulin release (p<0.01) when compared to intraperitoneal glucose alone (Fig. 1F). Finally,
oral administration of GW-9508 enhanced glucose-induced insulin release (p<0.001) when compared

to oral glucose alone (Fig. 1F).

3.2 Effects of GW-9508 on plasma glucose and insulin in diet-induced diabetic mice

The anti-diabetic potential of GW-9508 was assessed in insulin resistant high fat fed NIH Swiss mice
(Fig. 2). GW-9508 attenuated plasma glucose by 27% (p<0.01) after 30 min, by 17% (p<0.01) after
60 min and by 20% (p<0.05) after 105 min when compared to oral glucose alone (Fig. 2A). This
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reduction in plasma glucose was confirmed by AUC values for GW-9508 (p<0.01) (Fig. 2C).
Insulinotropic effects of GW-9508 were enhanced by 39% (p<0.001) after 30 min and by 22% (p<0.05)
after 60 min when compared to oral glucose alone (Fig. 2B). GW-9508 increased insulin secretion

(p<0.001) was confirmed by the AUC values (Fig. 2D).

3.3 Effects of GW-9508 on plasma glucose and insulin in wild-type C57 BL/6 mice and incretin

receptor knockout mice

As expected, intraperitoneal administration of GIP or GLP-1 had no biological effects in GIP or GLP-
1 receptor knockout mice respectively (Fig. 3). Conversely, in wild-type C57/BL6 mice, GIP
(25nmol/kg body weight) reduced the glycaemic excursion by 18-24% (p<0.05-p<0.01) and increased
glucose-induced insulin secretion by 23-28% (p<0.05) (Fig. 3A, D). Similarly, GLP-1 (25nmol/kg
body weight) reduced plasma glucose by 23-32% (p<0.05-p<0.01) and stimulated insulin release by
34-41% (p<0.01) (Fig. 3A, D). GW-9508 also decreased plasma glucose by 28% (p<0.01) after 15 min
and by 13% (p<0.05) after 30 min (Fig. 3A). Similarly, glucose-stimulated insulin release was
increased by GW-9508 by 34% (p<0.01) after 15 min and by 30% (p<0.05) after 30 min (Fig. 3D).
Overall assessment based on the AUC, GW-9508 lowered the glycaemic excursion by 14% (p<0.05)
(Fig. 3A) and augmented insulin release by 24% (p<0.01) in C57/BL6 wild-type mice (Fig. 3D). In
both GLP-1 and GIP receptor knockout mice, the glucose lowering and insulinotropic actions of GW-

9508 were abolished (Fig. 3).

3.4 Effects of GW-9508 on plasma glucose, insulin, total GLP-1 and total GIP in lean mice

Further experiments were performed in lean NIH Swiss mice to directly evaluate involvement of GIP
and GLP-1 secretion (Fig. 4). As expected, oral administration of GW-9508 (0.1umol/kg body
weight) to non-fasted mice decreased the glycaemic excursion by 21% (p<0.05) and increased
glucose-stimulated insulin release by 45% (p<0.001) after 30 min (Fig. 4A, B). Interestingly, GW-

9508 augmented total GLP-1 release by 44% (p<0.01) after 15 min and by 39% (p<0.01) after 30 min



(Fig. 4C). GW-9508 stimulated total GIP release by 47% (p<0.001) after 15 min and 37% (p<0.01)

after 30 min (Fig. 4D).
3.5 Distribution of GPR120 in GLUTag, pGIP/neo STC-1 cells and mouse jejunum

Cellular localisation of GPR120, GIP, GLP-1 and DAPI nuclear stain were determined in GLUTag
and pGIP/neo STC-1 cells by double immunofluorescence (Fig. 5-6). DAPI stained the nuclei of
GLUTag cells (blue), GLP-1 was distributed across the cells (green) with a similar staining pattern to
GPR120 (red) (Fig. 5C). Merge of GLP-1 and GPR120 identified areas of co-localisation indicated by
arrows (yellow) (Fig. 5D). In pGIP/neo STC-1 cells DAPI stained the nuclei (Blue), GIP was dispersed
across the cells (green) with a similar staining pattern to GPR120 (red) (Fig. 6C). Merge of GIP and
GPR120 identified areas of co-localisation indicated by arrows (yellow) (Figure 6D). Similarly, in
normal mouse jejunum DAPI stained the nuclei (blue, Fig. 7A, B) and GPR120 (red, Fig. 7E, F) was
expressed throughout the tissue with a similar staining pattern to GIP (green, Figure 7C), and GLP-1
(green, Fig. 7D). Merge of GIP with GPR120 (Fig. 7G) and GLP-1 with GPR120 (Fig. 7H) indicated

that GIP secreting K-cells and GLP-1 secreting L-cells express GPR120.

3.6 Effects of GW9508 and GPR120 antagonist AH7614 on GLP-1 secretion in intestinal GLUTag

cells and GIP secretion in intestinal pGIP/neo STC-1 cells

The effects of agonist GW9508 in the presence and absence of the GPR120 antagonist AH7614 were
investigated on GLP-1 secretion from GLUTag cells in 2mM glucose. GW9508 increased GLP-1
secretion 1.8-fold (p<0.001) from GLUTag cells at 10°M in 2mM glucose (Fig. 8). GLUTag cells
were treated with GPR120 agonist and antagonist AH7614 (10°M). AH7614 reduced the agonistic
action on GLP-1 secretion (p<0.05-p<0.01). In the presence of AH7614, GW9508 secretory action

was reduced from 1.5 to 1.7-fold (10*M to 10°M, p<0.01).
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The effects of GPR120 agonists on GIP secretion were investigated in intestinal pGIPneo STC-1 cells.
GW9508 demonstrated a 2.0-fold (p<0.05) increase in GIP secretion from pGIPneo STC-1 cells at 10"
M (Fig 8B). Treatment of pGIPneo STC-1 cells with both GPR120 agonist GW9508 (10°M) and
antagonist AH7614 (10°M) reduced GIP secretion to basal levels (1.9-fold decrease) demonstrating

the selectivity of GW9508 for GPR120.

4. Discussion

FFA4/GPR120  pharmacology  suggests beneficial anti-diabetic,  anti-inflammatory,
neuroprotective and anti-proliferative properties (3, 37, 38). GPR120 deficient mice are more
susceptible to a high fat diet resulting in increased glucose intolerance, insulin resistance, fatty liver
and reduced adipocyte differentiation (39). In human islets, GPR120 expression was downregulated in
diabetic or hyperglycaemic individuals and GPR120 gene knockdown affected fatty-acid induced
apoptosis (40). These observations plus the potential of GPR120 agonists to enhance the secretion of
GLP-1 (21), GIP (20) and CCK (25) have resulted in significant pharmaceutical interest in drugs
targeting GPR120. GPR40/FFA1 has been targeted therapeutically and in human clinical trials to
assess whether activation of this receptor could have beneficial effects in the treatment of type 2
diabetes (7, 28). GPR120/FFA4, is of interest as a potential therapeutic target for diabetes and other
metabolic disorders however data lags behind studies on FFA1. This study has shown that using
specific GPR120 antagonism reduces the effect of GPR120 to basal levels in GLP-1 and GIP secreting
cells, confirming a significant role of GPR120 on incretin hormone secretion. Both GPR40 and
GPR120 are activated by long chain fatty acids so development of novel dual agonists for both GPCRs
could have therapeutic potential in the future (29, 41). Synthetic ligands of FFAR4, such as TUG-891
and GW9508, have been indicated as therapeutic agents of diabetes and obesity. Schilperoort et al.
2018 reported that TUG-891 increases fat oxidation and reduces body weight and fat mass of C57B1/6J

mice, while increasing BAT activity (42). Recently, a new synthetic dual agonist of GPR120/GPR40
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was shown to significantly delay receptor endocytosis compared to other known GPR120 agonists and
improve glucose homeostasis in mice (22). Further studies are essential for the development of
FFAR4/GPR120 agonist-based drugs, and understanding the mechanism of GW-9508. Synthetic
agonist GW-9508 has a high affinity for both GPR40 and GPR120 with no effect on fatty acid receptors
GPR43 and GPR41 (7, 43).

The present study assessed the glucose lowering and both the insulin and incretin releasing
properties of GW-9508 in lean, obese high fat fed and incretin receptor knockout mouse models.
Administration of GW-9508 orally to normal mice resulted in enhanced glucose lowering and
insulinotropic abilities when compared to the intraperitoneal route of administration. This suggests that
the direct effects of GW-9508 on pancreatic beta cells are significantly augmented by stimulation of
GLP-1 and GIP secretion from GPR120-expressing enteroendocrine cells. The enhanced effects of
oral GW-9508 are therefore mediated by direct stimulation of insulin release in beta cells, combined
with stimulation of GLP-1 and GIP secretion from GPR120-expressing enteroendocrine cells.

To further explore whether these findings, translated to an obesity-diabetes setting, effects of
oral GW-9508 were also assessed in high fat fed mice. This confirmed similar glucose lowering and
insulinotropic actions of oral GW-9508 as observed in normal mice. These data are in harmony with
the observation that GW-9508 attenuated blood glucose and increased glucose-induced insulin release
in high fat fed mice (28). Furthermore, acute oral administration of GPR120 agonists including GW-
9508 have previously been shown to lower plasma glucose and augment glucose stimulated insulin
release in lean NIH Swiss mice (16, 41).

To confirm the suspected role for GW-9508 in the incretin pathway, we studied incretin
receptor knockout mice together with wildtype C57/BL6 controls. These experiments showed that the
glucose lowering and insulinotropic abilities of oral GW-9508 were curtailed in GIP as well as GLP-1
receptor knockout mice, suggesting a role of combined incretin action in stimulation of beta cell

function. Additionally, our data indicate that GW-9508 stimulates GLP-1 and GIP secretion via
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enhanced insulin release which may contribute to the beneficial effects of oral GW-9508 on glucose
homeostasis. To investigate the ability of GW-9508 to stimulate the release of GIP and GLP-1, further
studies were performed using lean NIH Swiss mice. In harmony with the incretin receptor knockout
data, oral GW-9508 administration had significantly enhanced total plasma GLP-1 and GIP
concentrations. Previous studies found that GW-9508 increased GLP-1 secretion in human L-cells (44)
and primary human colonic cultures (31) but had no effect on GLP-1 release from the GLUTag cell
line (44). Limited studies have assessed the role of GW-9508 in GIP secretion from enteroendocrine
K-cells, however GPR120 expression was identified on GIP secreting K-cells and regulated lipid-
induced GIP secretion (20). Further studies are clearly warranted to assess the exact mechanism
underlying GPR120 induced GLP-1 and GIP secretion.

In keeping with our functional data, immunocytochemical evaluation of GPR120 in GLUTag,
pGIP/neo STC-1 cells and mouse jejunum revealed that GPR120 was co-expressed with GIP and GLP-
1. Expression of GPR120 is not confined to the gastrointestinal tract and has been found in adipose
tissue, pancreas, lungs, spleen, taste buds and pro-inflammatory macrophages (14, 45). GPR120
mRNA has been identified in rat ileum and proximal colon, almost all epithelial cells lining the villi
(2). Expression of GPR120 has been identified on GLP-1 secreting L-cells including GLUTag cells
(19, 46) and STC-1 cells (26). GPR120 mRNA has also been identified on mouse enteroendocrine K-

cells (23) and accumulating data supports a role in GIP secretion (20).

5. Conclusions

In conclusion, oral GW-9508 administration improves glucose tolerance and stimulates glucose-
induced insulin release mediated in part by activation of the incretin pathway and secretion of both
GIP and GLP-1. GPR120 is highly expressed in the gastrointestinal tract, raising interest in GPR120

as a target for new pharmaceutical agents. These results also implicate GPR120 in regulation of glucose
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homeostasis and incretin secretion, suggesting that specific targeting of GPR120 may lead to novel

anti-diabetic therapies in the future.
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Legends for Figures

Fig. 1: Effects of glucose and GW-9508 administered orally or by intraperitoneal injection (A, B)
glucose tolerance and (D, E) plasma insulin in response to glucose. AUC values for 0-105 min post
injection for (C) glucose and (F) insulin are also shown. Glucose (18mmol’kg body weight) in
combination with GW-9508 (0.1pmol/kg body weight) was administered by oral or intraperitoneal
injection to non-fasted NIH Swiss mice (n=6). Values are mean = SEM. * p<0.05, ** p<0.01, ***
p<0.001 compared to intraperitoneal injection. + p<0.05, ++ p<0.01, +++ p<0.001 compared to

glucose alone.

Fig. 2: Effects of GW-9508 on (A) oral glucose tolerance (B) plasma insulin in response to glucose.
AUC values for 0-105 min post injection for (C) glucose and (D) insulin are also shown. Glucose
(18mmol/kg body weight) in combination with GW-9508 (0.1umol/kg body weight) was administered
by oral injection to 18 h fasted high fat fed NIH Swiss mice (n=6). Values are mean +£ SEM. * p<0.05,

** p<0.01, *** p<0.001 compared to glucose alone.

Fig. 3: Effects of GW-9508 and incretin hormones on glucose tolerance and insulin response to glucose
in (A, D) C57/BL6 wild-type mice, (B, E) GIP receptor knockout mice and (C, F) GLP-1 receptor
knockout mice. Plasma glucose (A-C) and insulin (D-F) were determined prior to and after oral
administration of glucose (18mmol/kg body weight) and in combination with GW-9508 (0.1umol/kg
body weight) or intraperitoneal injection of GIP or GLP-1 (both at 25nmol/kg body weight). AUC
values for 0-105 min post injection for (A-C) glucose and (D-F) insulin are also shown. Values are

mean = SEM for 6 mice. * p<0.05, ** p<0.01 compared to glucose alone.

Fig. 4: Effects of GW-9508 on (A) plasma glucose, (B) plasma insulin, (C) total plasma GLP-1 and
(D) total plasma GIP at 0-30 min post injection with glucose are shown. Glucose (18mmol/kg body

weight) alone and in combination with GW-9508 (0.1umol/kg body weight) was administered orally
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to non-fasted NIH Swiss mice (n=6). Values are mean = SEM. * p<0.05, ** p<0.01, *** p<0.001

compared to glucose alone.

Fig. 5: Distribution in GLUTag cells of (A) DAPI nuclear stain, (B) GLP-1, (C) GPR120 and (D)

merge of GPR120 co-localised with GLP-1. Examples of co-localisation indicated by arrows.

Fig. 6: Distribution in pGIP/neo STC-1 cells of (A) DAPI nuclear stain, (B) GIP, (C) GPR120 and

(D) merge of GPR120 co-localised with GIP. Examples of co-localisation indicated by arrows.

Fig. 7: Distribution in mouse jejunum tissue of (A, B) DAPI nuclear stain, (C) GIP, (D) GLP-1, (E,
F) GPR120, (G) Merge of GPR120 co-localised with GIP and (H) merge of GPR120 co-localised with

GLP-1. Examples of co-localisation indicated by arrows.

Fig. 8: Effects of GPR120 agonist GW9508 (107'°-10°M) and antagonist AH7614 (10°M) on (A)
GLP-1 secretion in GLUTag cells and (B) GIP Secretion in pGIPneo STC-1 cells at 2mM glucose.
Results are mean £ SEM (n=3). **p<0.01 and ***p<0.001 compared to basal glucose control.

44p<0.01 compared to antagonist treatment at same concentration of agonist.
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Fig. 3:
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