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DGAT1 inhibitors protect pancreatic β-cells from palmitic
acid-induced apoptosis
Jun-shang Huang1,2, Bin-bin Guo1, Gai-hong Wang1, Li-min Zeng1, You-hong Hu1,2, Ting Wang1 and He-yao Wang1,2

Previous studies demonstrated that prolonged exposure to elevated levels of free fatty acids (FFA), especially saturated fatty acids,
could lead to pancreatic β-cell apoptosis, which plays an important role in the progression of type 2 diabetes (T2D). Diacylglycerol
acyltransferase 1 (DGAT1), an enzyme that catalyzes the final step of triglyceride (TG) synthesis, has been reported as a novel target
for the treatment of multiple metabolic diseases. In this study we evaluated the potential beneficial effects of DGAT1 inhibitors on
pancreatic β-cells, and further verified their antidiabetic effects in db/dbmice. We showed that DGAT1 inhibitors (4a and LCQ908) at
the concentration of 1 μM significantly ameliorated palmitic acid (PA)-induced apoptosis in MIN6 pancreatic β-cells and
primary cultured mouse islets; oral administration of a DGAT1 inhibitor (4a) (100 mg/kg) for 4 weeks significantly reduced the
apoptosis of pancreatic islets in db/db mice. Meanwhile, 4a administration significantly decreased fasting blood glucose and TG
levels, and improved glucose tolerance and insulin tolerance in db/db mice. Furthermore, we revealed that pretreatment with 4a
(1 μM) significantly alleviated PA-induced intracellular lipid accumulation, endoplasmic reticulum (ER) stress, and proinflammatory
responses in MIN6 cells, which might contribute to the protective effects of DGAT1 inhibitors on pancreatic β-cells. These findings
provided a better understanding of the antidiabetic effects of DGAT1 inhibitors.
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INTRODUCTION
Type 2 diabetes (T2D) is a chronic, progressive metabolic disease
that is mainly characterized by elevated blood glucose levels [1].
The disease results from both genetic and environmental risk
factors, and it is widely agreed that obesity serves as one of the
most conclusive contributors in the progression of T2D [2]. Under
the condition of T2D accompanied by obesity, circulating free
fatty acids (FFA) levels are markedly increased, while chronic
exposure to elevated levels of FFA could eventually lead to β-cell
apoptosis [3–5]. Since pancreatic β-cell failure has already been
demonstrated to play a critical role in the development of T2D [6],
the protection of pancreatic β-cells has emerged as one of the
important therapeutic strategies for the treatment of obesity-
related T2D.
FFA serves pleiotropic functions in multiple physiological

processes in pancreatic β-cells, including cell signaling, insulin
secretion, membrane integrity, and energy metabolism [7].
Nevertheless, elevated circulating FFA has been considered
as a major risk factor for obesity-related T2D. FFA overload
could lead to apoptosis in several kinds of cells, such as
pancreatic β-cells, hepatocytes, and adipocytes [8], and this
apoptotic effect was verified to be strongly linked to mitochon-
drial dysfunction, endoplasmic reticulum (ER) stress, and
inflammation [9–11].
Under normal physiological conditions, FFA is mainly packaged

into triglycerides (TGs) and stored in adipose tissue. However,

excess circulating FFA could lead to ectopic TG accumulation in
nonadipose tissues [12], and several studies have indicated that
lipid deposition could be responsible for the deleterious effects
on pancreatic β-cells [13], and the reduction in TG could rescue
β-cells from FFA-induced apoptosis [14].
The rate-limiting step of TG synthesis is mediated by acyl

coenzyme A: diacylglycerol acyltransferases (DGATs), which
catalyze the final esterification reaction with diacylglycerol and
acyl-CoA as substrates [15]. In mammals, there are two identified
DGAT isozymes, DGAT1 and DGAT2, and they both play crucial
roles in lipid metabolism [16, 17]. While DGAT2-deficient mice
died soon after birth due to lipopenia and skin barrier
abnormalities [18], DGAT1-knockout mice were found to possess
multiple beneficial characteristics, including enhanced energy
expenditure and improved insulin and leptin sensitivity [19, 20].
Accordingly, DGAT1 has been regarded as a novel target for the
treatment of T2D and disorders of lipid metabolism [21, 22]. In
previous studies, overexpression of DGAT1 in isolated rat islets
was verified to inhibit glucose-induced insulin secretion [23], and
the glucose-dependent biosynthesis of neutral lipids catalyzed by
DGAT was reported to cause lipotoxicity in pancreatic β-cells [24].
These results indicated that DGAT1 might be closely related
to β-cell failure. However, little is known about the effect of
DGAT1 inhibition on pancreatic β-cells, and the underlying
mechanisms of DGAT1 inhibitors against T2D have not yet been
fully ascertained.
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The aim of this study was to investigate whether pharmaceu-
tical inhibition of DGAT1 could serve any beneficial effects on
pancreatic β-cells and to further confirm the antidiabetic effects of
DGAT1 inhibitor on obese diabetic db/db mice.

MATERIALS AND METHODS
Materials and reagents
Roswell Park Memorial Institute (RPMI)-1640 medium, fetal bovine
serum (FBS), and general reagents for cell culture were purchased
from HyClone (Logan, UT, USA). Dulbecco’s modified Eagle’s
medium (DMEM) and β-mercaptoethanol were obtained from
Gibco (Carlsbad, CA, USA). Palmitic acid (PA), bovine serum
albumin (BSA), Hoechst 33342, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT), and collagenase V were
purchased from Sigma-Aldrich (St. Louis, MO, USA). DGAT1
inhibitors 4a (purity > 98.0%, Fig. 1a) and LCQ908 (purity >
99.0%, Fig. 1b) were synthesized by Professor You-hong Hu’s
group at the Shanghai Institute of Materia Medica, Chinese
Academy of Sciences. The compounds were dissolved in dimethyl
sulfoxide (DMSO), and the final concentration of DMSO in the
culture medium was <0.1%.

Cell culture and isolation of primary mouse pancreatic islets
Primary mouse pancreatic islets were isolated from 6-week-old
male C57BL/6J mice as previously described [25]. Primary mouse
pancreatic islets were maintained in RPMI-1640 medium with
10% FBS, 100 units/mL penicillin, and 100 mg/mL streptomycin
(Invitrogen, Carlsbad, CA, USA) for 24 h before treatments. The
mouse pancreatic β-cell line MIN6 cells were cultured in DMEM
supplemented with 15% FBS and 50 μmol/L β-mercaptoethanol.
MIN6 cells were passaged every 2 days, and cells at 15–25
passages were used for experiments. All cells were kept at 37 °C
in a humidified atmosphere with 5% CO2.

Animal experiment
Male C57BL/KSJ-db/db mice (Jackson Laboratory, Bar Harbor, ME,
USA) were bred and raised in the Shanghai Institute of Materia
Medica. After 1 week of acclimatization, 6-week-old mice (35–40 g)
were randomly divided into three groups (n= 8) and treated with
DGAT1 inhibitor 4a (30 and 100mg/kg) or vehicle (0.5% Tween-
80) daily via oral administration. The lean littermates were treated
with vehicle as a normal control. The oral glucose tolerance test

was performed after 3 weeks of 4a administration. After overnight
fasting, the mice were challenged with 0.8 g/kg glucose, and the
blood glucose levels were examined at 0, 30, 60, 90, and 120 min.
The insulin tolerance test was carried out after 4 weeks of 4a
administration. Mice were fasted for 6 h and then intraperitoneally
injected with 0.8 IU/kg insulin (from bovine pancreas), and the
blood glucose levels were examined at 0, 30, 60, 90, 120, and
150min. The glucose curves were recorded, and the areas under
the curve were calculated. After 4 weeks of treatment, animals
were subjected to isoflurane inhalation anesthesia, and then blood
samples and tissues were collected for further analysis. All the
experimental processes were approved by the Institutional Animal
Care and Use Committee at the Shanghai Institute of Materia
Medica, Chinese Academy of Sciences (permit number: 2015-01-
WHY-13).

Cell viability assay
Cell viability was measured by the MTT assay. PA-BSA solution was
prepared as previously reported [26]. MIN6 cells were treated with
DGAT1 inhibitors in the presence or absence of 0.4 mM PA for 48 h.
The cells were then incubated with MTT solution (0.5mg/mL) at 37 °C
for 4 h, and the absorbance at 492 nm was measured by the
FlexStation 3 (Molecular Devices, San Jose, CA, USA).

Hoechst 33342 staining
MIN6 cells were seeded on cover glasses in a 24-well plate
and were treated with DGAT1 inhibitors in the presence or
absence of 0.4 mM PA for 48 h. Then, the cells were fixed in 4%
paraformaldehyde, stained with Hoechst 33342 dye, and
photographed by fluorescence microscopy (IX 73, Olympus,
Tokyo, Japan).

Nile red staining and TG content determination
MIN6 cells were treated with DGAT1 inhibitors in the presence or
absence of 0.4 mM PA for 48 h and then subjected to Nile
red staining or intracellular TG determination. MIN6 cells were
fixed with 4% paraformaldehyde for 15 min and subsequently
stained with Nile red (Sigma-Aldrich) for 30 min and then
photographed. TG content determination was performed with a
TG assay kit (Ming Dian, Shanghai, China), and protein
concentration was detected by a BCA protein kit (Beyotime,
Shanghai, China). The cellular TG content was expressed as
mmol/mg protein.

Fig. 1 DGAT1 inhibitors dose-dependently increase cell viability in PA-treated MIN6 cells. The chemical structures of 4a and LCQ908 (a, b).
MIN6 cells were pretreated with DGAT1 inhibitor (4a or LCQ908) for 1 h prior to treatment with 0.4 mM PA or vehicle for 48 h. Cell viability
was detected by the MTT assay (c, d) (n= 5). All data are expressed as the mean ± SEM. Asterisks denote significant differences versus the
PA-treated alone group (*P < 0.05, ***P < 0.001).
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TUNEL staining
DNA strand breaks in apoptotic cells were detected by a terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay. Isolated mouse islets were treated with the DGAT1 inhibitor
4a in the presence or absence of 0.4 mM PA for 48 h, and
apoptotic cells were detected by a TUNEL kit (Roche, Mannheim,
Germany) according to the manufacturer’s instructions. Then, the
cells were stained with Hoechst 33342, and photos were taken by
confocal microscopy (FV10i, Olympus, Tokyo, Japan).

Immunofluorescence assay
Immunofluorescence staining was performed as described pre-
viously [27]. The pancreas was fixed in 4% paraformaldehyde, and
the tissues were embedded in paraffin and sectioned. After
deparaffinization and washing, pancreas sections were subjected
to TUNEL staining and then incubated with primary antibodies
(rabbit anti-insulin antibody, dilution 1:100, Cell Signaling Tech-
nology, Danvers, MA, USA) and secondary antibodies (Alexa Fluor
488-conjugated goat anti-rabbit IgG, dilution 1:400, Invitrogen).
After Hoechst 33342 staining, pancreas sections were captured by
fluorescence microscopy. The number of TUNEL-positive cells and
total cells were determined.

Western blot analysis
MIN6 cells were treated with DGAT1 inhibitors in the presence or
absence of 0.4 mM PA for 48 h, and total protein was extracted by
RIPA lysis buffer (Beyotime) containing protease inhibitors (Sigma-
Aldrich) and phosphatase inhibitors (Roche). The expression levels
of proteins were detected by Western blot analysis as previously
described [28]. The following primary antibodies were used
in this study: cleaved caspase-3 (Asp175), protein kinase R-like
endoplasmic reticulum kinase (PERK), phosphorylated-PERK,
eukaryotic translation initiation factor 2 alpha (eIF2α), phosphory-
lated-eIF2α, c-Jun N-terminal kinase (JNK), phosphorylated-JNK,
p38, phosphorylated-p38 (all from Cell Signaling Technology), and
C/EBP homologous protein (CHOP) (Santa Cruz Biotechnology,
Dallas, TX, USA). The secondary antibodies were purchased from
Jackson Laboratory. Relative expression levels of proteins were
analyzed by optical density using ImageJ (National Institutes of
Health, Bethesda, MD, USA).

Statistical analysis
All data are presented as the mean ± SEM. All experiments were
independently repeated at least three times. The comparison of
different groups was assessed by unpaired Student’s t test or one-
way ANOVA followed by the Tukey’s post hoc test. Differences
were considered statistically significant at P < 0.05. GraphPad
Prism 5 software (GraphPad Software, San Diego, CA, USA) was
used for statistical analyses.

RESULTS
DGAT1 inhibitors protect MIN6 β-cells from PA-induced apoptosis
Long-chain saturated fatty acids were demonstrated to have
lipotoxic effects on pancreatic β-cells [3], and DGAT1-mediated
lipid synthesis was reported to be closely related to FFA-induced
lipotoxicity [24]. Since DGAT1 was verified to be expressed
in MIN6 β-cells [29], a cell viability assay was performed to
determine whether DGAT1 inhibitors could serve protective
roles in PA-induced MIN6 cell injury. The results showed
that compared with the PA-treated alone group, DGAT1
inhibitors 4a (A 922500) and LCQ908 (Pradigastat) (Fig. 1a, b)
dose-dependently increased cell viability (Fig. 1c, d). To further
evaluate the protective effects of DGAT1 inhibitors on MIN6
cells, Hoechst 33342 staining was carried out to examine the
apoptotic rate. Highly condensed chromatin, one of the most
convincing symbols of cell apoptosis, was extensively observed
in PA-treated cells, while both 4a and LCQ908 significantly and
dose-dependently decreased the apoptotic rate of MIN6 cells in
the presence of PA (Fig. 2a, b). Western blot analysis also
revealed that the expression of cleaved caspase-3, the key
executor of cell apoptosis, was downregulated by 4a and
LCQ908 in a dose-dependent manner (Fig. 2c). These results
illustrated that the DGAT1 inhibitors could protect MIN6 cells
from PA-induced apoptosis.

4a ameliorates the apoptosis of mouse islet cells both in vitro and
in vivo
To further verify the protective effect of the DGAT1 inhibitor on
islet cells, TUNEL staining was performed to detect apoptotic cells
by labeling DNA strand breaks in primary cultured mouse islets.

Fig. 2 Inhibition of DGAT1 ameliorates PA-induced apoptosis in MIN6 cells. MIN6 cells were pretreated with DGAT1 inhibitors (4a or LCQ908)
for 1 h prior to treatment with 0.4 mM PA or vehicle for 48 h. The apoptosis rate was detected by Hoechst 33342 staining, and the apoptotic cells
are indicated by arrows (n= 4, scale bar= 50 μm) (a, b). Expression of cleaved caspase-3 (c) was detected by Western blot analysis (n= 5). All data
are expressed as the mean ± SEM. Asterisks denote significant differences versus the PA-treated alone group (*P < 0.05, **P < 0.01, ***P < 0.001).
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After pretreatment with 4a and then exposure to PA for 48 h, the
number of TUNEL-positive apoptotic cells dramatically increased
in PA-treated isolated islets, while 4a was found to significantly
inhibit the detrimental effect caused by PA (Fig. 3a, b). Likewise, a
similar conclusion was also obtained from the in vivo experiment.
Long-term oral administration of 4a reduced the apoptosis rate of
islet cells in db/db mice (Fig. 3c, d). These data corroborated that
the DGAT1 inhibitor 4a was able to protect islet cells from
apoptosis both in vitro and in vivo.

Long-term administration of 4a improves glucose and lipid
metabolism in db/db mice
Since improved insulin sensitivity and decreased lipid accumu-
lation were observed in mice lacking DGAT1 [23], we wondered
whether DGAT1 inhibitors were capable of regulating the
altered metabolic homeostasis in db/db mice. After 4 weeks of
oral administration of 4a or vehicle, there were no significant
differences in food intake among all the groups (data not
shown), and 100 mg/kg 4a could considerably reduce body
weight gain (Fig. 4a), which might be due to the inhibition of
absorption and synthesis of TG. Fasting glucose and TG levels
were both decreased (Fig. 4b, c), and oral glucose tolerance
(Fig. 4d, e) and insulin tolerance (Fig. 4f, g) were obviously
improved in mice treated with 100 mg/kg 4a. The plasma levels
of total cholesterol and low-density lipoprotein cholesterol
were not affected by 4a (data not shown). These results
indicated that 4a could ameliorate glucose and lipid metabolism
in db/db mice.

4a inhibits PA-induced lipid accumulation, ER stress, and
proinflammatory responses in MIN6 cells
We conjectured that the beneficial effects of DGAT1 inhibitors
might be ascribed to the reduction in TG accumulation in
pancreatic β-cells, thereby blocking the progression of apoptosis.
Supported by the results of TG content determination and Nile
Red staining, both 4a and LCQ908 could markedly inhibit lipid
accumulation induced by PA in MIN6 cells (Fig. 5a, b). Meanwhile,
to further investigate the possible mechanisms of the protective
effects of DGAT1 inhibitors, we also detected several signaling
pathways that were involved in PA-induced lipotoxicity. Western
blot analysis showed that ER stress and inflammation pathways
were markedly activated in PA-treated MIN6 cells. In the presence
of PA, 4a was found to dose-dependently decrease the expression
of proteins involved in ER stress, such as CHOP, phosphorylated
PERK, and phosphorylated eIF2α (Fig. 5c, d), and PA-induced
elevated levels of inflammation-related proteins, including phos-
phorylated JNK and phosphorylated p38, were also reduced
in MIN6 cells when cotreated with 4a (Fig. 5e, f). These findings
revealed that DGAT1 inhibitor 4a restrained PA-induced lipid
accumulation, ER stress, and proinflammatory responses, which
might help to protect pancreatic β-cells from PA-induced
apoptosis.

DISCUSSION
DGAT1 catalyzes the rate-limiting step of TG synthesis and has
been recognized as a potential therapeutic target for a variety of

Fig. 3 4a reduces the apoptosis of islet cells both in vitro and in vivo. Isolated mouse islets were pretreated with DGAT1 inhibitor 4a for 1 h
prior to treatment with 0.4 mM PA or vehicle for 48 h. Then, TUNEL staining was carried out, and the number of apoptotic cells (indicated by
arrows) was counted (n= 5, scale bar= 50 μm) (a, b). After 4 weeks of oral administration of 4a or vehicle, TUNEL staining and
immunofluorescence assays were performed to detect apoptotic cells (indicated by arrows) in the islets of db/db mice (n= 4, scale bar=
50 μm) (c), and the apoptosis rate was then calculated (d). All data were expressed as the mean ± SEM. Asterisks denote significant differences
versus the PA-treated alone group or the vehicle-treated group (*P < 0.05, **P < 0.01).
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metabolic disorders, and several DGAT1 inhibitors have already
entered clinical trials [22]. Although inhibition of DGAT1 has been
reported to exert antidiabetic effects in several animal models
[30–32], the mechanisms have not yet been completely eluci-
dated. In this study, we identified that DGAT1 inhibitors could
exert antiapoptotic effects on pancreatic β-cells under chronic
FFA-overloaded conditions both in vitro and in vivo, and the
possible underlying mechanisms were also discussed. We also
confirmed that 4a was capable of ameliorating glucose and lipid
metabolism in obese diabetic db/db mice. These findings
indicated a new effect of DGAT1 inhibitors, which could provide
novel insights into the protection of pancreatic β-cells.
FFA has been confirmed to play essential roles in maintaining

the normal physiological functions of pancreatic β-cells, but
excessive FFA could impair β-cell functions and result in β-cell
apoptosis [1]. It was also demonstrated that elevated FFA was
responsible for ectopic lipid deposition in the pancreas, which was
recently identified as a possible predictor of T2D [13]. Lipotoxicity
was suggested to be closely related to the carbon chain length
and the saturation degree of FFA. Prolonged exposure to
saturated FFA, such as PA, was found to cause apoptosis and
decrease the gene expression of insulin in β-cells [33]. Not
surprisingly, we found that long-term exposure of MIN6 cells
to PA could dramatically decrease cell viability and increase

the apoptotic rate, while DGAT1 inhibitors were able to dose-
dependently reduce the adverse effect and protect MIN6 cells
from apoptosis in the presence of PA. Likewise, the protective role
of 4a was also confirmed in PA-treated primary cultured mouse
islets and the pancreatic islets of obese diabetic db/db mice.
Since an oversupply of FFA could trigger apoptosis in β-cells, a

host of work has been done to determine the underlying
mechanisms. A previous study indicated an inverse relationship
between cellular TG accumulation and FFA-induced cytotoxicity in
pancreatic islets [34]. However, a reduction in TG was reported to
block the FFA-induced apoptosis and restore β-cell function in
islets isolated from Zucker diabetic fatty rats [14, 35]. Another
study also discovered that kaempferol, a natural flavonoid, could
reduce lipid accumulation through lipophagy, thus preserving β-
cell function in RIN-5F β-cells [36]. In addition, ER stress was
verified to participate in FFA-induced lipotoxicity. PA was reported
to interfere with ER-to-Golgi trafficking and eventually lead to ER
stress in MIN6 and INS-1 cells [37]. PA was also verified to cause
tripalmitin accumulation in the ER of β-cells [3], and a recent study
reported that inhibition of lipid export from the ER could lead
to TG accumulation in the ER and exacerbate ER stress at
the same time [38]. Prolonged ER stress could eventually lead
to β-cell apoptosis, which was induced by the activation of ER
stress downstream signaling pathways, such as CHOP [39, 40].

Fig. 4 Long-term administration of 4a improves glucose and lipid metabolism in db/db mice. Body weights were monitored during the
whole experiment, and body weight gain was then calculated (a). After 6 h of fasting, blood samples were collected, and the serum levels of
glucose (b) and TG (c) were detected. OGTT and ITT were performed after 3 weeks and 4 weeks of 4a administration, respectively. Then, the
glucose curves were recorded, and the areas under the curve (AUCs) were calculated (d–g) (C57, open circles; vehicle, filled squares; 30 mg/kg
4a, filled triangles; 100 mg/kg 4a, filled inverted triangles). All data are expressed as the mean ± SEM (n= 8). Asterisks denote significant
differences versus the vehicle-treated group (*P < 0.05, **P < 0.01, ***P < 0.001).
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Meanwhile, PA-induced apoptosis was also reported to have a
strong connection with inflammation-related signaling pathways,
including JNK and p38 [11]. In this study, DGAT1 inhibitors
inhibited intracellular lipid accumulation and downregulated the
expression of proteins involved in ER stress and inflammation
pathways in MIN6 cells. We thus preliminarily confirmed that
the protective effects of DGAT1 inhibitors on β-cells might
be attributed to the suppression of lipid deposition and the
amelioration of ER stress and proinflammatory responses.
Several studies have indicated that DGAT1 inhibition has

multiple beneficial effects on metabolic diseases. As reported,
DGAT1-deficient mice showed beneficial metabolic phenotypes,
such as prolonged release of gut GLP-1 and delayed gastric
emptying [41], and DGAT1 knockout was proved to significantly
enhance insulin and leptin sensitivity [20]. In addition, long-term

oral administration of a DGAT1 inhibitor was also demonstrated to
improve insulin sensitivity in DIO mice [42]. Here, we verified that
4a suppressed body weight gain and reduced the circulating
levels of glucose and TG in obese diabetic db/db mice at a dose of
100mg/kg, while there were no differences in food intake among
all the groups. Moreover, glucose tolerance and insulin tolerance
were improved at the same time. These results revealed that the
DGAT1 inhibitor 4a markedly ameliorated glucose and lipid
metabolism in db/db mice.
The beneficial role of DGAT1 inhibition has been confirmed in

several animal models, whereas DGAT1 inhibition was also
inferred to exert diverse effects on specific tissues. A recent study
showed that DGAT1-mediated fatty acid reesterification could
protect the ER from lipotoxicity in white adipose tissue (WAT),
while DGAT1 deficiency could augment the unfolded protein

Fig. 5 DGAT1 inhibitors decrease PA-induced lipid accumulation, ER stress, and proinflammatory responses in MIN6 cells.MIN6 cells were
pretreated with 4a or LCQ908 for 1 h prior to treatment with 0.4 mM PA or vehicle for 48 h, and then the TG content was determined (a).
Intracellular neutral lipids were stained with Nile red (b) (scale bar= 50 μm). Western blotting was performed to analyze the expression of
proteins related to ER stress (c, d) and inflammation (e, f). All data are expressed as the mean ± SEM (n= 3). Asterisks denote significant
differences versus the PA-treated alone group (*P < 0.05, **P < 0.01, ***P < 0.001).
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response in WAT and cause inflammation in macrophages [43].
Several studies have also shown that DGAT1 overexpression in
skeletal muscle could promote TG synthesis and subsequently
prevent high-fat diet-induced insulin resistance, while DGAT1
deficiency was shown to impair insulin sensitivity in isolated
muscle [44, 45]. Moreover, overexpression of DGAT1 was claimed
to aggravate lipotoxicity in pancreatic β-cells [23], but no
correlated studies have been reported to investigate the effects
of pharmaceutical inhibition or knockout of DGAT1 on β-cells.
Here, we validated that DGAT1 inhibitors were able to exert
antiapoptotic effects on lipid-overloaded β-cells, and we specu-
lated that the excess FFA might be channeled into other pools and
participate in multiple physiological processes, such as lipid
oxidation and biomembrane synthesis. Therefore, DGAT1 inhibi-
tors with better tissue distribution patterns might be developed to
maximize the beneficial effects and minimize the tissue-specific
adverse effects at the same time. Nevertheless, this study only
disclosed the beneficial effects of DGAT1 inhibitors, the role of
DGAT1 in β-cells and the detailed mechanisms still need to be
thoroughly investigated, and β-cell-specific DGAT1-knockout
experiments should also be carried out. In addition, β-cell
dysfunction also plays an important role in the progression of
T2D, and it is absolutely indispensable to further explore the
effects of DGAT1 inhibitors on β-cell functions under FFA-
overloaded conditions, including insulin synthesis and secretion.
In conclusion, this study demonstrated that DGAT1 inhibitors

could reduce PA-induced intracellular TG accumulation, ER stress,
and proinflammatory responses, which might contribute to the
antiapoptotic effect on pancreatic β-cells. These beneficial effects
might provide a better understanding of the roles of DGAT1
inhibitors in the prevention and treatment of T2D, and our
findings suggested that the combination of DGAT1 inhibitors and
other antidiabetic drugs might show better efficacy in improving
glucose and lipid metabolism at the same time.
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