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Abstract

Introduction

G-protein-coupled receptor 119 (GPR119) is emerging as a potential therapeutic target against type
2 diabetes with beneficial effects on glucose homeostasis. However, the function of GRP119 in
lipotoxicity induced pancreatic beta cell apoptosis and the molecular mechanism remains largely
unknown.

Material and methods

Impact of GPR119 on pancreatic islet beta cell apoptosis was evaluated in INS-1 cells treated with
palmitate. The subsequent modulation of the MST1-FOXO1-Pdx1 signaling pathway and pro-
apoptotic caspase-3 system were determined by measuring the target protein and mRNA
expression. Dyslipidemia mice with gain and loss of GPR119 function by the application of specific
lenti-viral vector was utilized to evaluate the impact of GPR119 on pancreas function in vivo. Lipid
metabolism, glucose and insulin response, morphological changes as well as activation/inhibition of
MST1-FOXO1-Pdx1 signaling pathway in pancreas were analyzed systematically.

Results

Palmitate treatment stimulated pro-apoptotic response in INS-1 cells, accompanied by inhibition of
GPR119 expression and the subsequent activation of the MST1-FOXO1 combined with inhibition of
Pdx1 signaling cascade. Activation of GPR119 by MBX prevents INS-1 cell from lipotoxicity induced
apoptosis by targeting the MST1-FOXO1-Pdx1 pathway. Moreover, overexpression of GPR119
significantly attenuates the dyslipidemia and dysfunction of the pancreas. In contrast, inactivation of
GPR119 by lentiviral vector in mice results in accelerated pancreas apoptosis and malfunction. The
protective effects of GRP119 on lipotoxicity induced pancreas dysfunction are associated with
modulating the MST1-FOXO1-Pdx1 signaling cascade.

Conclusions
GPR119 alleviates lipotoxicity induced pancreatic beta cell apoptosis and malfunction through
regulating MST1-FOXO1-Pdx1 signaling pathway.
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G protein-coupled receptor 119 (GPR119) is a potential therapeutic target .

with beneficial effects on glucose homeostasis. However, the function

of GRP119 in lipotoxicity induced pancreatic beta cell apoptosis

GPR119 on pancreatic islet beta cell apoptosis was evaluated

in INS-1 cells treated with palmitate.

- Lipid metabolism, glucose and insulin response, morphological changes as well as
activation/inhibition of MST1-FOXO1-Pdx1 signaling pathway in pancreas were analyzed

systematically.

Results: Palmitate treatment stimulated pro-apoptotic response in INS-1 cells, accompanied by

inhibition of GPR119 expression

from

Activation of GPR119 by MBX
lipotoxicity induced apoptosis by targeting the MST1-FOXO1-Pdx1 pathway. Moreover,
overexpression of GPR119 significantly - dyslipidemia and dysfunction of the

pancreas. In contrast, _ in accelerated pancreas apoptosis

and malfunction. The protective effects of GRP119 on lipotoxicity induced pancreas

st were associated with modulating the MST1-FOXOL-PxL. signaling pathway.

GPR119 - lipotoxicity induced pancreatic beta cell apoptosis and

malfunction through regulating MST1-FOXO1-Pdx1 signaling pathway.

lipotoxicity, apoptosis, GPR119, MST1, FOXO1, Pdx1 pancreas.
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Introduction:

The dysfunction of pancreatic beta cells is the major cause of type 2 diabetes -nd its

complications - Lipotoxicity, frequently results from prolonged exposure to the free fatty

scis 1| A) such as palitate, impairs the secretion capacity of insulin and indces apoptosis
- - Elevated plasma FFAs levels are observed in obesity and _ with

subsequent lipid accumulation and insulin resistance in target tissues . A series of G protein-
coupled receptors (GPCR), including GPR119, GPR40, GPR41, GPR43, GPR84 and GPR120,
. been identified as FFA specific receptors .FFAs exert - effects on insulin
secretion from beta cells. Acute exposure to FFAs stimulates insulin secretion, whereas chronic
exposure impairs insulin secretion and increase pancreatic beta cell apoptosis. The dual and

opposing effects of FFAs on insulin secretion indicate that FFAs might contribute to both

hyper- and hypo-insulinemia during the development of . _
recognize fatty acids and activate the intracellular signaling - are of particular -

in the treatment of -

GPR119 is a deorphanized _ receptor that is predominantly expressed in

pancreatic islets . and enteroendocrine cells of . gastrointestinal tract . In pancreatic
islets, GPR119 is specifically distributed in beta cells and pancreatic polypeptide cells .
GPR119 can be activated by a variety of endogenous ligands, such as oleoylethanolamide,
lysophosphatidylcholine and palmitoylethanolamine - The activation of GPR119 stimulates

cAMP and Ca?* release in pancreatic beta cells, enhancing -ependent insulin secretion,

thereby - blood glucose in diabetic mice -

Recently, mammalian STE20 like protein kinase 1 (MST1), also called serine/threonine protein
kinase 4, has been identified as an essential regulator for pancreatic beta cell differentiation,
proliferation, and apoptosis - MST1 is a core component of the hippo signaling pathway,

which can be triggered by a variety of apoptotic stimuli, including oxidative stress, Fas ligand,

TNF-g, and genotoxic crugs. SNSRI OHCASeS O AN RORIONe
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_ MST1 promotes cell death through . regulation of multiple downstream

targets such as histone H,B and members of the FOXO family (Forkhead box O) -

_ FOXOL1 is mainly expressed in hepatocytes, adipocytes, pancreatic beta

cells and vascular endothelial cells.

physiological
activities such as cell oxidative stress, proliferation, and apoptosis. FOXOL1 is closely related to
. and cardiovascular disease - It has been reported that activated MST1 results in
phosphorylation of FOXOL1 Ser (212) and promotes apoptosis - Meanwhile, pancreatic beta

cell specific FOXOL1 transgenic mice were able to maintain beta cell function by increasing the

number of beta cells, glucose tolerance and antioxidant capacity. _

The synergistic effect of MST1 and FOXOL1 has been proved to play an - regulatory

role in lipid metabolism _ that I high concentration of

glucose or fatty acids can cause FOXOL1 redistribution in pancreatic beta nuclei - The
activation of MST1 can lead to the phosphorylation of FOXO1 and Caspase-3 _

indicating that the transcription factor FOXOL1 is related to the apoptosis of islet beta cells.

However, the specific regulation mechanism still needs further elucidation.

The transcription factor pancreatic duodenal homeobox factor 1 (Pdx1) _

[24,25], Recet stsies ndicated that MST1 and FOXOL signaling molecules can regulate pexL
_ In this study, we - to elucidate the molecular mechanism
of GPR119 in lipotoxicity induced beta cell malfunction. A novel signaling cascade of
GPR119/FOXO1/Pdx1 in lipotoxicity induced isle_
- Our findings - the current understanding I the molecular mechanism of

pancreatic beta cell apoptosis, which - guidance for the development of new diagnostic

and therapeutic drugs against . and obesity.
3
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Lipid analysis showed that cellular - TG and FFA

content . significantly decreased in INS-1 cells treated with MBX

(P<0.05). Insulin levels from INS-1 cells was also significantly increased after MBX

intervention _ calcium concentration, was significantly
increased in MBX treated INS-1 cells -

_ possible downstream signaling cascade FOXO1 and Pdx1,
INS-1 cells was overexpressed or knocked down MIST. /s shown in Figure 2A and 28, 1ST1

overexpression

_ alleviated palmitate induced INS-1 cell injury.
In contrast, _ in inactivation of the MST1-FOXOL1 signaling

pathway while upregulation of Pdx1 - These findings - that FOXO1 and

Pdx1 are downstream molecules of MST1 signaling in islet cells.

Calmodulin (CaM) inhibitor CPZ iiillieiesl MST1-FOXO1 signaling pathway.
PSViCIESEACERBRSIae that treatment of CaM antagonist CPZ in pancreatic cells affects
the secretion of insulin by inhibition of Ca?* influx 28l In the current study, increased calcium

concentration was also observed in palmitate treated INS-1 cells with GPR119 activation
4
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(SN, 2ccompanied by increased insulin levels. [iiGHGIORg the potential involvement of

CaM in palmitate induced signaling alterations was evaluated in [BEZINCACONNSINCEIS AS
shown in [FIGECISENEREIBEN intervention of CaM in palmitate treated INS-1 cells increased the

phosphorylation of MST1 and FOXO1, cIMST1, activated the apoptotic protein Caspase-3.

These results [lGIGBIGONANat palmitate induced MST1-FOXO1 signaling pathway [HESINCEIGIed

through the Ca?* and Calmodulin [T

Overexpression of GPR119 alleviated pancreatic injury in C57BL/6J mice induced by

After 18 weeks _ showed significantly higher
body weight _ the low-fat diet (LFD) group - In response
to a bolus of glucose injection, _ mice in HFD group
demonstrated significant glucose intolerance _ LFD group -

- in response to a bolus of insulin administration, a slower decrease in blood glucose
was observed in HFD group compared with the LFD group, - insulin intolerance in
these HFD feeding mice - The GPR119 overexpression mice showed improved lipid
and glucose homeostasis - Immunohistochemical staining showed that the number of
brown granules in GPR119 overexpression group was higher than that in . control group

-. - a substantial decrease in pancreatic islet cell - was observed in

GPR119 shRNA mice compared with those in GPR119 overexpression group -

The pathomorphological changes in pancreatic - were examined by electron microscopy.

- damage was observed in pancreatic islet cells _ to the LFD

group- 5A). The expression of GPR119 also - the ultrastructure of pancreatic
beta cells. - severe damage was detected - HFD + GPR119 shRNA group than that in

GPR119 overexpression group. . pancreatic cell damage was characterized by irregular cell
morphology, nuclear condensation, nuclear chromatin condensation, mitochondria swollen,

and a large - of fat droplets with smaller electron density, in which the -secreting

5
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particles in the islet cells were reduced - The -morphological experiments

- that GPR119 could protect pancreatic beta cells from damage in response to excess
ipic GG

The impact of GPR119 on pancreatic signaling cascade was evaluated by _ the

target protein expression. As indicated in Figure 6, HFD induced down-regulation of GPR119

and activation of MST1-FOXOL1 signaling. In consistent with - in INS-1 cells, -

_ in mice - in inhibition of pancreatic MST1 and FOXOL1 activation,

- by decreased cIMSTL1, phosphorylated MST1, phosphorylated FOXOL, and cleaved

caspase-3.

Discussion

Previous studies - that activation of GPR119 by its specific agonists enhances

intracellular cAMP and GSIS release, and stimulates the secretion of GLP-1 and GIP, and has

a certain inhibitory effect on the apoptosis of pancreatic beta cells - Our study -

the current understanding of the function of GRP119 in islet cell by identifying the novel

downstream MST1-FOXO1-Pdx1 signaling cascade. In palmitate induced lipotoxic INS-1 cell

model, notably reduced islet cell apoptosis rate compared

with the control group, accompanied by inhibition of MST1 and FOXO1 activation, decreased

. Subsequent in vivo studies further confirmed that

directly associated with the

GPR119 activation plays an important regulatory role in the

survival and function of pancreatic cells through the interaction of MST1-FOXO1-Pdx1. I

MST1-FOXOL1 signaling

pathway plays an important role in the process of neuronal apoptosis.

Activation of GPR119 has previously - to directly stimulate pancreatic beta cell
insulin release and enterocytes incretins secretion - In pancreatic beta cells, insulin secretion
is initiated by rapid increase of intracellular Ca?* concentration - which is regulated by

6
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Calmodulin (CaM). _ these studies, inhibition of the binding of Ca®* to CaM

by CPZ in INS-1 cells - the apoptosis signaling -in response to FFA -
accompanied by activated MST1-FOXOL1 signaling cascade and _
- These findings - that GRP119 might function through Ca®* to CaM

pathway in islet cells. However, the direct interaction of GRP119 and the calcium pathway still

needs further verification in the future studies.

More recently, MST1-FOXO1 pathway . endoplasmic reticulum - stress -
identified to be involved in the pancreatic beta cells malfunction and apoptosis - MST1

in pancreases beta cells can be activated by proinflammatory cytokines as well as glucotoxicity
and lipotoxicity - _ enhanced the impairment of pancreatic beta cells by
stimulating phosphorylation of stress kinase JNK, apoptotic mediator caspase-3 -ntrinsic
cell death mediator BIM, and meanwhile inhibiting the predominant pro-survival AKT
signaling cascade - In addition, the activation of Pdx1, a vital regulator for insulin

secretion and beta cell survival through interaction with GLUT-2 and glucokinase, -

- MST1 activation.
Iipotoxicity activated the MST1 phosphorylation and the _

I FOXO1, caspase-3 and Pdxl1. - essential for the downstream signaling pathways
associated with beta cell apoptosis and malfunction in response to lipotoxicity. In
hyperlipidemia mouse models, the activation of the MST1 signaling in _
correlated with impaired glucose and insulin metabolism, reflected with glucose -

and decreased insulin levels.

Our study - the current understanding I FFA-MST1-FOXO1-Pdx1-beta cell
malfunction pathway by revealing GRP119 as an - upstream modulator. In our model,
lipid loading in INS-1 cells decreased GPR119 expression, which subsequently activated the

MST1 signaling - cleaved MST1 stimulated the caspase-3 cleavage and FOXO1

phosphorylation as well as inhibited _ acceleration of beta cell
death and impaired insulin secretion. _mediated through the

secondary messenger Ca2+ and CaM -
7
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The impact of GPR119 in . pancreases function was further confirmed in . hyperlipidemia
mouse model. After 18 weeks of - feeding, mice developed obesity, insulin resistance,
glucose intolerance, . hyperlipidemia. Interestingly, overexpression of GPR119 in these

hyperlipidemia mice - in a significant decrease in TG, TC and FFA-a substantial

increase in the content of insulin and C peptide compared to the control mice
GPR119 overexpression also significantly alleviated hyperlipidemia induced islet damage and
apoptosis, featured by the chromatin condensation, mitochondria swelling and deformation, and
decreased cytoplasmic endocrine granules. The protective effects of GPR119 against pancreas
cell apoptosis in mice - associated with modulation of dysfunctional MST1-FOXO1-Pdx1

signaling cascade induced by prolonged fatty acids exposure.

In summary, the current study demonstrated that activation of GPR119 substantially attenuated
lipotoxicity induced pancreatic beta cell damage. Ihe effects of GPR119 was associated with
Ca?" - calmodulin pathway and the subsequent modulation of MST1-FoxO1-Pdx1 signaling
cascade, which - pancreatic beta cell function and apoptosis, and - impacted the
insulin secretion and glucose metabolism. This study - an experimental basis for
understanding the mechanism of GPR119 in - induced pancreatic beta cell dysfunction,

laying the foundation for the study of the mechanism of obesity and pancreatic beta cell damage

and malfunction.
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using the following primers: forward: 5'- GCT
GGATCC GCC ACC ATG GAG ACCGTG CAACTG AGG AAC-3'; reverse; 5'- ATAGCG
GCC GCT CAGAAGTTC TGT TGC CCC TCT TCT TGG C-3'.

the Not | and BamH | recognition sites.
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Animal experiments.

All animal experiments were performed - the Guide for the Care and Use of Laboratory
Animals, and all the animal experimental protocols were approved by the Institutional Animal
Care and Use Committee (IACUC) at Ningxia Medical University, Yinchuan, China (approval

No. 2019-011). Mice were housed in laboratory animal center of Ningxia Medical University

witn ERRBRRBHN tihcrk cycie. [ERREGNROUECEN SRS IS CS IS MCIce
_Were fed a LFD containing 10% kcal from fat

(MD12031, Mediscience, China) or a HFD containing 60% kcal from fat (MD12033,

Mediscience, China) for 18 weeks. For overexpression of GPR119 in the pancreas, 1.0 x 108

plaque-forming units (PFU) of [N REIINECHRGNESCH VSRR Sol

_ were injected into HFD-fed or LFD-fed mice via the tail vein.

Metabolic measurement.

For . glucose tolerance test (GTT) and insulin tolerance test (ITT), mice were fasted for 4

hours and then were injected with 2g/kg D-glucose or 11U/kg insulin intraperitoneally. Blood

glucose fevels were mezsured ot [EUNGONAGONNNSEOSECCUCNUSHIGIICOEEn
_ experiments. Blood was collected from heart

puncture, and plasma was further isolated. Plasma Insulin and C peptide levels were determined

by - (Thermofisher, USA). Plasma total cholesterol, triglycerides, free fatty acids

levels were determined by _ (Wako, Japan).

Immune-histochemistry.

- was isolated from experimental mice and fixed with formalin for 48 hours. Briefly,
mice were anesthetized with 4% chloral hydrate and transcardially perfused with PBS and 4%
paraformaldehyde, subsequently decapitated. Tissues were then embedded with paraffin and

the tissue blocks were sliced into 5 pm paraffin sections. Immunohistochemical staining of

11
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tissue section were incubated with 3% H.0, for 10 minutes to inactivate the endogenous
peroxidase, followed by incubation with primary antibody GPR119 (1:500, AbCam,
Cambridge, UK) for 2 hours and secondary antibody HRP-goat anti-rabbit 1gG (1:2,000,

Abcam, Cambridge, UK) for 30 minutes at room temperature. Sections were rinsed in cold PBS

_, incubated in avidin—biotin complex (Vecta stain Elite ABC Kit,
Vector Laboratories) for 1 hour at 20°C and rinsed with PBS _

Finally, sections were developed in diaminobenzidine substrate for 5 minutes at 25°C and
counterstained with hematoxylin. The sections were further differentiated in 0.1% HCI,

dehydrated in gradient alcohol, cleared by xylene and mounted with resinous media. Images

e obtained with microscope under bright i,

Western blot.

The protein expression levels were analyzed as previously descrbed 4L I brief,protsr v

extracted from INS-1 cells or pancreas tissues using protein lysis buffer (R0010, Solarbio).
After centrifugation _ protein was harvested from supernatant and
quantified by bicinchoninic acid (BCA reagents, Thermofisher, USA). 50 pg cell lysates were
re-suspended in SDS sample loading buffer, - 10% SDS-PAGE gel and transferred
onto I PVDF membrane (Millipore, Bedford, MA, USA). After blocking in Tris-buffered saline
with 0.2 % of Tween 20 (TBST) containing 5% wi/v non-fat milk for 2 hours at room
temperature, membranes were further incubated with specific primary antibodies overnight at
4 °C. The following primary antibodies were used: Caspase-3, phospho-MST1/ MST1, Pdx1
(Cell Signaling, USA), GRP-119 and B-actin (ab75312, Abcam, USA), phospho-FOXO1 /
FoxO1 (Sata Cruz Biotechnology, Dallas, TX, USA), insulin receptor and BAX (Proteintech,
Chicago,IL,USA). Following incubation with the specific HRP-conjugated antibody,
chemiluminescence signal was detected using ECL (ECL-808-25, Biomiga, USA). The
membranes were developed, and Immunoblot bands were subjected to relative densitometric
analysis. Protein expression was quantified by determining the relative density of target protein

- to the internal control band.
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Statistical analysis.

All results are expressed as the mean = SEM. Data between groups was analyzed by one-way
or two-way ANOVA, followed by post hoc Tukey’s multiple comparison analysis. Differences
between groups were considered statistically significant at P < 0.05. Analysis was conducted

using GraphPad Prism 6 software.
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Abbreviations:

GPR119: G-protein-coupled receptor 119; MST1: mammalian STE20 like protein kinase 1;
- type 2 diabetes; FOXO1 (Forkhead box O1); FFA: free fatty acids; Pdx1: pancreatic
duodenal homeobox factor 1;CaM: Calmodulin; CPZ: Chlorpromazine; HFD: high fat diet;

LDF: low fat diet; PA: palmitate.

Figure legends:

Figure 1. Palmitate treatment [Silllllllaiedl the phosphorylation of MST1 by inhibiting
GPR119 in INS-1 cells. (A). INS-1 cells were treated with Palmitate (PA) (250 uM) at
indicated time points. The activated caspase-3 expression (cl-Cas 3) was determined by western
blot and quantified by relative density to B-actin. Data are expressed as mean = SEM (n = 5). *,
P < 0.05 vs. control. (B, D) Detection of apoptosis rate by flow cytometry. *P<0.05, PA vs
control; PA+MBX vs. control+MBX. (C). INS-1 cells were treated with 250 uM palmitate for
12 h, followed by treatment of 4 uM MBX for 10 min. The expression of GPR119, MST1,
pMST1, cIMST1 and caspase-3 cleavage (clC3) expression were determined by western
blotting and quantified by relative density to B-actin. Data are expressed as mean = SEM (n =
5). *, P <0.05 vs. control. (E) Target mRNA expression in INS-1 cells treated with MBX. Data
are expressed as mean + SEM (n = 5). (F, G) Effects of GPR119 agonist MBX on cellular TG
and FFA contents in INS-1 cells. Data are expressed as the mean = SEM (n = 5). (H) Insulin

secretion in PA treated INS-1 cells in the presence/absence of MBX at indicated time points.
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() Intracellular calcium concentration in INS-1 cells determined by flow cytometry. Data are
expressed as the mean + SEM (n = 5). *P < 0.05, *P < 0.01 vs. control. Experiments were

repeated three times.

Figure 2. Target protein expression in PA treated INS-1 cells with gain and loss of MST1
expression. (A) INS-1 cells were treated with PA (250 uM) for 12 hrs and then were incubated
MST1 overexpression plasmid MST1 or MST1 shRNA plasmid for 72 hrs. Protein expression
of MST1, pMST1, FOXO1, pFOXO01, cIMST1 and caspase-3 cleavage (cIC3) was determined
by western blot. (B) Quantification of protein bands by densitometry analyses. Data are
expressed as the mean + SEM (n = 5). *P < 0.05, *P < 0.01 vs. control. Experiments were

repeated three times.

Figure 3. Target protein expression in INS-1 cells treated with Palmitate in the presence/
absence of CPZ. INS-1 cells were treated with palmitate (250 uM) for 12 h, followed by
treatment of CPZ (0.5 mM) for 60 min.(A) The protein levels of MST1, pMST1, FOXO1,
pFOXO01, cIMST1 and cleaved caspase-3 (clIC3) were determined by western blot using
specific antibodies. (B). Quantification of the protein bands by densitometry and normalized to
B-actin. Data are expressed as mean + SEM (n = 5). *P < 0.05, #P < 0.01; CPZ treated vs.

control. All data were derived from three independent experiments.

Figure 4. Overexpression of GPR119 alleviated pancreatic injury in C57BL/6J mice
induced by high fat feeding. - male C57 mice were fed on HFD or LFD for 18
weeks and then were given either LV-GPR119 or LV-shGPR119 by tail vein injection. (A).
Body weight of mice on a LFD or HFD. Body weight of the experimental mice were measured
weekly and shown as the mean + SEM (-). (B, C). Glucose tolerance and insulin tolerance
test in LFD and HFD mice at 12 weeks feeding. (D). GPR119 protein expression in the pancreas
of mice determined by IHC (400 X). (E). Pancreas tissue morphological changes were
determined by HE staining. Representative images (400X) are shown. Data are expressed as

the mean + SEM (n = 5). *P < 0.05, *P < 0.01 vs. control.

Figure 5. Pancreas damage of mice on a high fat diet. Mice were fed on HFD or LFD for 18
weeks and then were given either LV-GPR119 or LV-shGPR119 by tail vein injection for 1
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week (n=5) (A). Electron microscope images of pancreatic tissue section of LFD/HFD mice.
(B). Electron microscopy images of pancreas tissue on HFD group with GPR119
overexpressing or GPR119 silencing. (a,d X3000; b,e X5000; c,f X15000). (C). Model of
pancreas GRP119 function in pancreas high fat milieu. Lipid loading in INS-1 cells decreased
GPR119 expression which subsequently activated the MST1 signaling. Active cleaved MST1
then stimulated the caspase-3 cleavage and FOXO1 phosphorylation as well as inhibited Pdx1
activation. Such alteration in the signaling cascade resulted in acceleration of beta cell death
and impaired insulin secretion. In response to lipotoxicity, the function of GPR119 is likely

through affecting intracellular [Ca?*] release.

Figure 6. HFD induced down-regulation of GPR119 and activation of MST1-FOXO1 signaling.
(A) Mice were fed on HFD or LFD for 18 weeks and then were given either LV-GPR119, LV-
GFP, LV-shGPR119 or LV-sh Control by tail vein injection for 1 week. Pancreas was isolated,
and protein was extracted. Protein expression of MST1, pMST1, FOXO1, pFOXO1, cIMST1
and caspase-3 cleavage (cIC3) was determined by western blot. (B, C) Quantification of protein
bands by densitometry analyses. Data are expressed as the mean + SEM (n = 5). *P < 0.05, *P

< 0.01 vs. control. Experiments were repeated three times.

Table 1. Detection of insulin, C peptide and FFA in serum of mice.

Group Insulin C(1U/mL)> C peptide (ug/mL) FFA (mmol/L)

LFD 19.95+0.09 0.36+0.03 35+3.68
LFD-LV+GFP 19.75+0.37 0.32+0.02 16+0.89
LFD-LV+GPR119 14.00+0.152 0.27+0.012 6+0.732
LFD-LV+shCitrl 16.63+0.39 0.30+0.007 25+3.13
LFD-LV+shGPR119 15.63+0.43 0.35+0.007 35+8.02

HFD 23.52+0.20 0.28+0.007 55+10.6
HFD-LV+GFP 17.70+0.42 0.20+0.007 15+1.03
HFD-LV+GPR119 40.1+0.33¢ 0.70+0.007¢ 540.06°¢
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424
425

426

427

428

429

430

431

432
433

434

HFD-LV+shCitrl 31.77+0.46 0.58+0.03 13+1.08

HFD-LV+shGPR119 41.28+0.85 0.57+0.03 11£1.32

Remarks: a, LFD-LV+GPR119 vs LFD-LV+GFP, P < 0.05; ¢, HFD-LVV+GPR119 vs HFD-
LV+GFP, P < 0.05.
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