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Abstract: Cancer cells reprogram their metabolism to adapt to fast growth and environmental demands, which differ
them from normal cells. Mitochondria are central to the malignant metabolism reprogramming process. Here, we
report that PPARa was highly expressed in gastric cancer tissues and negatively correlated with prognosis. Fenofi-
brate, a common drug used to treat severe hypertriglyceridemia and mixed dyslipidemia, reversed cellular metabo-
lism and mitochondrial dysfunction in gastric cancer cells through PPARa. Our results show that fenofibrate altered
glucose and lipid metabolism, inhibited gastric cancer cell proliferation, and promoted apoptosis in gastric cancer
cells. We further show that fenofibrate induced mitochondrial reprogramming via CPT1 and the fatty acid oxidation
pathway, as well as by activating the AMPK pathway and inhibiting the HK2 pathway. Additionally, fenofibrate inhib-
ited subcutaneous gastric cancer cell tumor growth without obvious toxicity in mice. Collectively, our results indicate
that fenofibrate exhibits anti-tumor activity in vitro and in vivo via the mitochondria and metabolic reprogramming,
demonstrating that mitochondrial regulation and the normalization of cancer cell metabolism are novel therapeutic
strategies for cancer.
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Introduction that fibrates could significantly lower total mor-
tality and reduced the cancer-related death

It has been long accepted that cancer cells har- rate [11]. Fenofibrate (Fen), a potent agonist

bor very specific metabolic features mainly
characterized by the Warburg effect: anaerobic
glycolysis, a tendency to accumulate lipids as
substrates for malignant growth, and dysfunc-
tional mitochondria to adapt to an altered
microenvironment [1-3]. Therefore, targeting
metabolic alterations and abnormal mitochon-
dria, which differentiate cancer cells from nor-
mal cells, offers a therapeutic strategy against
cancer with potentially fewer side effects in
normal cells [3, 4].

Multiple reports indicate a beneficial role for
lipid-lowering drugs as anticancer agents [5-
10], including fibrates and statins. For example,
a ten-year all-cause mortality study revealed

of peroxisome proliferator-activated receptor
alpha (PPARx), has been a commonly used lip-
id-lowering drug since its clinical introduction in
1975 [12]. PPAR-alpha is a nuclear receptor
protein encoded by the PPARA gene in humans.
The effects of Fen in treating hypercholesterol-
emia and hyperlipidemia are believed to be
mediated through its stimulation of PPARx [12-
14]. Interestingly, recent studies show that
fenofibrate may have anti-tumor effects by
directly attenuating tumor growth. Anna Wilk et
al. reported that fenofibrate accumulated in the
mitochondrial fraction of human glioblastoma
cells, causing sudden and severe inhibition of
mitochondrial respiration [15]. Han Dongfeng et
al. showed that fenofibrate inhibited glycolysis
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in glioblastoma cells [16], and Su Cunjin et al.
reported that fenofibrate suppressed human
neuroblastoma cell proliferation and migration
via oxidative stress [17].

These findings indicate that fenofibrate might
possess anti-tumor activity by regulating mito-
chondrial function and cellular metabolism.
Although fenofibrate displayed anti-tumor ef-
fects in glioma, neuroblastoma, lung cancer,
prostate cancer, and hepatocellular carcinoma
[17-22], its influence on gastric carcinoma has
rarely been reported, and its anti-tumor mecha-
nisms remain elusive. Furthermore, the depen-
dency of fenofibrate’s anti-tumor effects on
PPARa remains controversial [19, 23-26]. This
study was designed to verify whether fenofi-
brate has anti-tumor effects in gastric cancer in
vitro and to investigate its regulatory roles in
mitochondrial function and metabolic repro-
gramming. In addition, the participation of
PPARa toward fenofibrate activity was also
studied. We then examined the effectiveness
and safety of fenofibrate in vivo to demonstrate
potentially new approaches and targets in the
treatment of gastric cancer.

Materials and methods
Cell lines and animals

Human gastric cancer cell lines MGC803 and
SGC7901 were purchased from the China
Center for Type Culture Collection (CCTCC). Ce-
lls were cultured in DMEM media at 37°C and
5% CO,,. Animal experiments were performed in
accordance with the National Institutes of He-
alth Guide for the Care and Use of Laboratory
Animals and were approved by the Institutional
Animal Care and Use Committee of Zhongnan
Hospital, Wuhan University. BALB/c nude mice
(male, 6 weeks old) were obtained from Beijing
Huafukang Bioscience Co. Inc. (Beijing, China).
Mice were housed at room temperature with
free access to food and water in the Animal
Biosafety Level 3 Laboratory of Wuhan
University. After a 1-week acclimation period,
the mice were subcutaneously injected into
their backs with 0.1 mL of MGC803 cells (3.0 x
108 cells/mL). When tumors reached an aver-
age diameter of 5-6 mm, tumor-bearing mice
were assigned randomly to different groups.
Tumor growth was measured every 3 days. The
longest (a) and shortest (b) tumor diameters
were determined with a caliper, and tumor vol-
ume (V) was calculated as: V = (a x b?)/2.
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CCKS8 cell proliferation assay

MGC803 and SGC7901 cell proliferation were
determined using the CCK8 assay. MGC803
and SGC7901 cells in logarithmic growth phase
were seeded at 4 x 10° cells/well and 2 x 10*
cells/well, respectively, in 96-well plates and
cultured in 100 pL culture media, with six paral-
lel wells for each sample. To test different con-
centrations of fenofibrate on gastric cancer cell
survival, 0, 12.5, 25, 50, 100, 200, and 400
MM fenofibrate were used to treat MGC803 and
SGC7901 cells for 24 h. For detecting the
effects of fenofibrate on gastric cancer cell pro-
liferation over time, MGC803 and SGC7901
cells were incubated with 50 uM fenofibrate for
1, 2, 3, 4, or 5 days. At the end of treatment,
100 pL of CCK-8 working solution was added to
each well, and plates were incubated at 37°C
for 2 h. The absorbance value (OD) of each well
was measured at 450 nm using a 96-well plate
reader.

Quantitative reverse transcription polymerase
chain reaction (QRT-PCR) analysis

gRT-PCR analysis was performed to detect rela-
tive mRNA expression levels. Total RNA was
extracted using an RNA extraction kit (QIAGEN)
according to the manufacturer’s instructions.
Reverse transcription was performed using a
Vazyme HiScript Q RT SuperMix for gPCR
(Vazyme, Nanjing, China) according to the man-
ufacturer’s instructions. qRT-PCR was per-
formed using the Vazyme ChamQ SYBR qPCR
Master Mix (Vazyme, Nanjing, China). PCR was
performed in triplicate and analyzed using the
ABI Prism 7500HT fast real-time PCR system
(Applied Biosystemst, Foster City, CA). Relative
quantification values for each gene were calcu-
lated by the 222°t method using B-actin as an
internal control. Primers sequences were as fol-
lows: mtCOX-I-F, CGC CGA CCG TTG ACT ATT CT,
mtCOX-I-R, GGG GGC ACC GAT TAT TAG GG, 265
bp; PPARa-F, ATG GTG GAC ACG GAA AGC C,
PPARa-R, CGA TGG ATT GCG AAA TCT CTT GG,
124 bp; B-actin-F, TGG CAC CCA GCA CAA TGA
A, B-actin-R, CTA AGT CAT AGT CCG CCT AGA
AGC A, 186 bp.

Western blot

Total protein was extracted after treatment and
protein concentrations were determined using
the Bradford method. Proteins (30 pg) were
electrophoresed on 12% SDS polyacrylamide
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gels, followed by transfer to a nitrocellulose
membrane. Membrane was incubated with the
following primary antibodies: B-actin, NUD-
FS1, NUDFV1, NUDFV2, PKM2, HK2, GLUTZ,
PDHElx, PFK, CPTl1la, BCL-2, BID, BAX, PI3K
p110«, p-AKT, AKT (Protein Tech, China), FASN,
ACC2, p-ACC2, Caspase-3, PARP, p-AMPKq,
and AMPKa (Cell Signaling Technology Inc.,
Danvers, MA). Blots were washed with TBST,
followed by the addition of secondary antibody
goat anti-rabbit 1gG-HRP or goat anti-mouse
IgG-HRP conjugate (1:2,000, Abcam), and spe-
cific bands were visualized by ECL (Beyotime
Biotechnology, Shanghai, China). Autoradio-
graphs were recorded onto X-Omat AR film
(Eastman Kodak Company, Rochester, NY,
USA). The density of bands in the resulting film
was quantified by Image J software.

Detection of cell apoptosis by flow cytometry

Cells were seeded into 6-well plates with 2 x
10° cells/well for MGC803 and 1 x 10° cells/
well for SGC7901. After 48 h, harvested cells
were washed with cold phosphate-buffered
saline (PBS) three times and fixed in 70% etha-
nol at 4°C overnight. Cells were then treated
with 10 pg/mL RNase and stained with 50 pg/
mL propidium iodide (Pl) for 30 min at room
temperature in the dark. For apoptosis analy-
sis, cells were stained using the Annexin V-FITC/
Pl Apoptosis Detection Kit according to the
manufacturer’s instructions. Apoptotic cells
were detected by BD FACSCalibur™.

Mitochondrial membrane potential (MMP) as-
sessment

MMP was assessed using the JC-1 fluorescent
probe (Beyotime Institute of Biotechnology)
according to the manufacturer’s instructions.
Briefly, seeded cells (2.0 x 10° cells/well) were
pre-treated at the indicated concentrations of
test compounds. Cells were incubated with 10
mg/mL JC-1 for 20 min at 37°C in the dark, and
images were viewed and scanned under fluo-
rescence microscopy (OLYMPUS, IX73, Japan)
at 488-nm excitation and 530 nm emission for
green (monomers), and at 543 nm excitation
and 590 nm emission for red (aggregates).
Three repeated measurements were per-
formed. Fluorescence intensity was measured
by Image-Pro Plus software. The fluorescence
ratio (JC-1 aggregates/monomer) was used to
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determine the extent of the mitochondrial
depolarization.

Detection of intracellular ROS

Intracellular ROS were detected by an oxida-
tion-sensitive fluorescent probe (DCFH-DA;
Beyotime Institute of Biotechnology). After
treatment with or without 10 mmol/L N-acetyl-
L-cysteine (NAC; Invitrogen, Carlsbad, CA) for
0-12 h, cells were washed twice with PBS. They
were then incubated with 10 umol/L DCFH-DA
at 37°C for 20 min according to the manufac-
turer’s instructions. Fluorescence microscopy
and BD FACS Calibur were used to detect ROS
production with green fluorescence signal
under 488-nm excitation wavelength and 525-
nm emission wavelength. Cell images were
acquired using fluorescence microscopy and
intracellular ROS intensity was measured by
Image-Pro Plus software. Mean fluorescence
values derived from flow cytometry were calcu-
lated using FlowlJo software, version 6.4.2
(FlowJo, USA).

Determination of the quantities and activity of
biochemicals

Enzyme activity assays including NADH CoQ
reductase (mitochondrial complex I), HK, PFK,
and CPT1, and quantification assays for glu-
cose, free fatty acids (FFAs), LA, TG, and TC
were carried out according to the manufactur-
er's instructions for each assay kit (Cominbio
Suzhou, China). Protein quantity was estimated
by BCA protein assay kit (Beyotime, China).
Results were normalized by protein content in
each sample and converted to the percentage
of the control group.

Seahorse analyses

The metabolic phenotype and cellular energet-
ics of gastric cancer cells were characterized
using the Seahorse XFp Analyzer [27]. MGC803
cells were seeded in 24-well XF24 cell culture
plates at a density of 5 x 10* cells/well and pre-
treated for 24 h. Media were then removed,
wells were washed, and cells were incubated
for 1 h at 37°C without CO, in XF modified
DMEM assay medium (Seahorse Bioscience) at
pH 7.4 supplemented with 1 mM glutamine,
2.5 mM glucose, 1 mM sodium pyruvate, 0.5
mM carnitine, and 1 mM palmitate complexed
with 0.2 mM BSA. For glycolytic tests, the extra-
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cellular acidification rate (ECAR) was measured
in the basal state (no glucose) or after the injec-
tion of 10 mM glucose, 5 yM oligomycin, and
50 mM 2DG (Sigma-Aldrich). ECAR is express-
ed as mpH/min after normalization to protein
content measured with a Pierce BCA Protein
Assay (Thermo Fisher Scientific). For mitochon-
drial stress experiments, the oxygen consump-
tion rate (OCR) was measured in the basal st-
ate (1 mM palmitate complexed with 0.2 mM
BSA) or after the injection of 5 uM oligomycin, 1
UM FCCP (2-[2-[4-(trifluoromethoxy) phenyl]
hydrazinylidene]-propanedinitrile), 5 uM rote-
none, and 5 pM antimycin A. OCR is expressed
as pmol of O,/min after normalization to pro-
tein content.

ATP concentration detection

A luciferase-based ATP assay kit was used to
measure cellular ATP levels (Beyotime Institute
of Technology, Nanjing, China). In brief, cells
were harvested and lysed with the lysis buffer,
followed by centrifugation at 16,000 g for 5 min
at 4°C. Finally, the level of ATP was determined
by mixing 100 uL of supernatant with 100 uL
of luciferase reagent and measured by Per-
kinElmer EnSpire Microplate Reader (Finland).
The obtained values were presented as a rela-
tive proportion to control.

Colony formation assay

200 pre-treated MGC803 cells/well were
placed into 6-well plates (Beaver). After treat-
ment and 14 days of incubation, visible colo-
nies were fixed with 4% methanol for 30 min
and then stained with 0.1% crystal violet for 20
min. Plates were washed three times with water
and dried for 1 h at 37°C. Crystal violet
absorbed in cells was dissolved in 10% acetic
acid. Numbers of colonies that contained at
least 50 cells were counted over three biologi-
cal replicates.

Histology analysis and Immunohistochemistry

Histological screening of tumors was perform-
ed by serial analysis of H&E coronal sections.
Mouse liver and kidney tissues were fixed in
10% buffered formalin with rehydration through
graded ethanol solutions and embedded in par-
affin. Tissue sections (5 ym) were stained with
hematoxylin and eosin (HE). Paraffin-embedded
xenograft tumor sections were incubated with
3% H,0, in methanol for 15 min at room tem-
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perature (RT). After washout with distilled
water, sections were immersed in PBS for 15
min. Antigen retrieval was conducted with boil-
ing at 100°C for 15 min. Sections were then
washed again with PBS three times after cool-
ing down to RT. Sections were incubated with
diluted primary antibodies overnight at 4°C.
Subsequently, the sections were incubated
with a biotinylated secondary antibody at RT for
1 h, then the sections were incubated with
ABC-peroxidase for 1 h, washed with PBS,
stained with diaminobenzidine for 5 min, and
counterstained with hematoxylin. The staining
was observed under microscope.

Analyses of blood samples

Alanine transaminase (ALT), aspartate trans-
aminase (AST), blood urea nitrogen (BUN), and
creatinine (Cr) levels were measured using the
kits indicated above from Changchun Huili
Biotech according to manufacturer’s protocols.

Statistical analysis

Except noted otherwise, the data are present-
ed as mean + standard deviation. Statistical
comparisons were analyzed by one-way ANOVA
and Student’s test using SPSS22.0 and
GraphPad Prism 6 software. The pathological
parameters were compared by chi-squared
analysis. Kaplan-Meier analysis was used for
survival analysis. The difference was consid-
ered to be significant when the P-value was <
0.05.

Results

High PPARa expression in gastric cancer tis-
sues negatively correlates with prognosis

The expression of PPAR« in gastric cancer tis-
sue was higher than normal gastric epithelial
tissue, according to Oncomine database analy-
sis (P < 0.05, Figure 1A). A Kaplan-Meier plot
analysis showed that the prognosis of gastric
cancer patients with higher PPARa gene expres-
sion was poorer than those with low PPAR«
gene expression (HR = 1.87, P < 0.05, Figure
1B). Tissue microarray showed that PPAR«
expression in gastric cancer tissue was higher
than normal gastric tissue (P < 0.05, Figure
1C). These findings highlight that PPAR« is high-
ly expressed in gastric cancer tissues and neg-
atively correlates with prognosis.
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Figure 1. PPARa was highly expressed in gastric cancer tissues and negatively correlated with prognosis. A. Onco-
mine database analysis of gene expression of PPAR« in gastric mucosa and gastric adenocarcinoma. The expres-
sion of PPARa in gastric cancer tissue was higher than that in normal gastric epithelial tissue according to Oncomine
database analysis. B. Kaplan-Meier plotter database analysis of the prognosis of patients of gastric cancer with
PPARa gene expression levels. C. Representative pictures of PPARa immunohistochemical staining in normal tis-
sues and gastric adenocarcinoma. Analysis of PPARa expression levels of gastric tissue microarray samples. The
expression of PPARa was higher in gastric adenocarcinoma than that in gastric normal tissues with significant dif-
ference (P = 0.002).

Fenofibrate alters glucose and lipid metabo- on glycolysis in MGC803 gastric cancer cells
lism in gastric cancer cells through the PPARx was evaluated by Seahorse XF24 analyzer.
pathway Fenofibrate treatment reduced MGC803 cell

glycolysis. Glycolytic levels for the control and
To further explore the anti-tumor mechanisms the fenofibrate treatment groups were 82.080
of fenofibrate, the effect of 50 uM fenofibrate + 2.717 vs. 68.47 £ 2.179 mPH/min, respec-
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Figure 2. Fenofibrate affected glucose and lipid metabolism in gastric cancer cells through the PPARx pathway.
A. The extracellular acidification rate (ECAR) determined by the Seahorse XF24 analyzer in MGC803 cells with or
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without fenofibrate treatment. The glycolytic level and glycolysis capacity were calculated from seahorse analysis.
PPAR«a si-RNA interference restored the reduced glycolysis by fenofibrate in MGC803 cells. B and C. Fenofibrate
treatment reduced glucose uptake in MGC803 and SGC7901 cells. Compared with the control group, glucose up-
take, the free fatty acids in the cell lysate and supernatant and triglyceride decreased after fenofibrate treatment. D.
PPAR« si-RNA interference restored the inhibition of glucose uptake by fenofibrate in gastric cancer cells. PPAR« si-
RNA interference restored the cellular and supernatant free fatty acid content decreased by fenofibrate. *indicates
when compared to control group P < 0.05, **indicates when compared to control group P < 0.01, ***indicates

when compared to control group P < 0.001.

tively (P < 0.01). The glycolytic capacity of the
control and the fenofibrate treatment group
were 93.720 £ 2.296 vs. 72.060 * 2.126,
respectively (P < 0.001, Figures 2A and S1).
Glycolysis values (glycolytic level and glycolytic
capacity) of siPPARa combined with fenofibrate
treatment were higher than those of the siNC
control combined with fenofibrate treatment (P
< 0.01 and P < 0.001, Figure 2A) in MGC803
cells. Furthermore, compared with the control
group, glucose uptake, FFAs in cell lysate and
supernatant, and triglycerides decreased after
fenofibrate treatment (Figure 2B, 2C, all P <
0.05). Glucose uptake and FFAs in the siPPARa-
fenofibrate treatment group were higher than
the siNC control-fenofibrate group in MGC803
cells (Figure 2D). Collectively, we demonstrated
that fenofibrate altered glucose and lipid
metabolism in gastric cancer cells through the
PPARa pathway.

Fenofibrate inhibits gastric cancer cell prolif-
eration and promotes apoptosis through the
PPAR« pathway

To explore the influence of fenofibrate on gas-
tric carcinoma, CCK-8 experiments were per-
formed to determine whether fenofibrate sig-
nificantly inhibited proliferation in the gastric
cancer cell lines MGC803 and SGC7901. Its
inhibitory effect was enhanced in a concentra-
tion- and time-dependent manner. MGC803
cell survival decreased after 24 h of treatment
with 25 yM, 50 yM, 100 uM, 200 uM, and 400
UM fenofibrate, whereas SGC7901 cell survival
decreased after 24 h of treatment starting at
50 uM fenofibrate (Figure S2A). Compared with
the O uM control group, 50 uM fenofibrate
inhibited MGC803 cell proliferation after 24 h
from 1.872 + 0.089 to 1.565 + 0.031 (fold
change, P < 0.05), and from 1.814 + 0.010 to
1.495 + 0.005 (fold change, P < 0.001) for
SGC7901 cells (Figure 3A). Compared with the
control group, fenofibrate treatment reduced
cell density and cell size, widened cell gap, and
increased the proportion of detached cells
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(Figure S2B). Fenofibrate treatment increased
apoptosis compared with the control group in
MGC803 (P < 0.001) and SGC7901 (P < 0.01)
cells, and the ROS scavenger N-acetylcysteine
reduced fenofibrate-induced apoptosis in bo-
th MGC803 (P < 0.001) and SGC7901 (P <
0.01) cells (Figure 3B). In MGC803 cells, fenofi-
brate treatment decreased BCL-2 expression
(P < 0.01), and increased BID, BAX, cleaved
Caspase-3, and cleaved PARP expression sig-
nificantly (Figures 3C and S2C).

In MGC803 cells, PPARx protein expression
was decreased by PPARa siRNA (siPPARX)
interference (P < 0.001 and P < 0.01, Figure
3D). The apoptosis rate in the siPPARx-
fenofibrate treatment group was lower than
that of the control siNC-fenofibrate treatment
group (P < 0.05, Figure 3E). The proliferation
rates of the siPPARa-fenofibrate group were
higher than the siNC-fenofibrate group (P <
0.01, Figure 3F), and the number of formed
clones in cells treated with both GW9662
(PPARa inhibitor) and fenofibrate was higher
than fenofibrate alone (P < 0.01, Figure 3G).
These results show that fenofibrate possesses
anti-tumor effects in gastric cancer by inhibit-
ing cell proliferation and promoting apoptosis
through the PPAR« pathway.

Fenofibrate induces mitochondrial reprogram-
ming through CPT1 and the fatty acid oxida-
tion

Mitochondria are critical intracellular organ-
elles that participate in bioenergetic metabo-
lism and cellular homeostasis [28, 29]. The
relative values for carnitine palmitoyl transfer-
ase 1 (CPT1) activity in the MGC803 cell con-
trol group and fenofibrate-treated group were
1.000 £ 0.013 vs. 7.483 + 0.534, respectively
(P < 0.001), while for SGC7901 cells, were
1.000 + 0.02132 vs. 2.877 + 0.1796 (P <
0.001), indicating increased activity in both cell
lines (Figure 4A). CPT1 activity in the siPPARx-
fenofibrate treatment group was higher than
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Figure 3. Fenofibrate inhibited gastric cancer cell proliferation and promoted apoptosis through PPARa pathway. A.
Effects of 50 uM fenofibrate treatment on proliferation of MGC803 and SGC7901 cells for different periods of time.
B. Flow cytometry analysis of the effect of fenofibrate on apoptosis on MGC803 and SGC7901 cells. Fenofibrate
treatment increased apoptosis compared with the control group in MGC803 (P < 0.001) and SGC7901 cells (P <
0.01), and ROS scavenger N-acetylcysteine reduced fenofibrate-induced apoptosis in MGC803 (P < 0.001) and
SGC7901 cells. C. Western blot was used to detect the apoptosis-related proteins Bcl-2, Bid, Bax, Caspase3 and
PARP protein expression in the control group and fenofibrate treatment group. The gray values of the bands were
measured. *indicates when compared to control group P < 0.05, **indicates when compared to control group P <
0.01, ***indicates when compared to control group P < 0.001; ##indicates when compared to fenofibrate treat-
ment group P < 0.01, ###indicates when compared to fenofibrate treatment group P < 0.001. D. PPAR« si-RNA
interference decreased PPAR« protein levels in MGC803 cells. The gray values of the bands were measured. E.
PPARa si-RNA interference reduced the apoptotic percentages of MGC803 cells caused by fenofibrate treatment us-
ing Flow cytometry detection method. F. PPAR« si-RNA interference partially restored fenofibrate’s inhibitory effect
on the MGC803 cells proliferation in CCK8 assays. G. In colony formation assay, PPAR« inhibitor (GW9662) restored

the inhibition of colony formation after fenofibrate treatment in MGC803 cells.

siNC-fenofibrate control in MGC803 cells (Fi-
gure 4A). The expression levels of the fatty
acid metabolism-related proteins FASN and
ACC2 decreased, and the expression levels of
p-ACC2 and CPTla protein were increased si-
gnificantly after fenofibrate treatment (all P <
0.05, Figure 4B). We next determined the
effects of 50 uM fenofibrate treatment on mito-
chondrial respiration in MGC803 cells using a
Seahorse XF24 analyzer. Compared with the
control group, mitochondrial respiration de-
creased significantly after fenofibrate treat-
ment. Basal respiration levels for the control
and fenofibrate-treated groups were 905.700 +
34.120 vs. 389.600 + 10.600 pmol/min, re-
spectively (P < 0.001). ATP production in the
control and fenofibrate-treated groups was
439.700 + 14.440 vs. 247.500 + 10.830
pmol/min, respectively (P < 0.001). The maxi-
mal respiratory levels in the control and fenofi-
brate-treated groups were 1,236.000 + 46.330
vs. 263.100 £ 10.820 pmol/min, respectively
(P < 0.001). Mitochondrial respiration levels
(basal respiratory level, ATP production, maxi-
mal respiratory level) of the siPPARa-fenofib-
rate group were higher than that of the siNC-
fenofibrate control group (Figures 4C and S3A).

The activity of mitochondrial complex | in the
mitochondrial electron transport chain decre-
ased after fenofibrate treatment in MGC803
and SGC7901 cells. Mitochondrial complex |
activity as well as MMP in the siPPARa-fenofib-
rate treatment group was higher than that of
siNC-fenofibrate controls (both P < 0.05, Figure
4D). The expression of mitochondrial complex
| subunits NDUFS1, NDUFV1, and NDUFV2 in
MGC803 and SGC7901 cells decreased sig-
nificantly after fenofibrate treatment (all P <
0.01, Figure 4D). JC-1 fluorescence was mea-
sured by fluorescence microscope to show
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MMP changes in MGC803 and SGC7901 cells
treated with 50 uM fenofibrate for 24 h. The
relative MMP (red fluorescence and green fluo-
rescence ratios) in the MGC803 cell control
group and fenofibrate treatment group were
39.050 £ 7.778 vs. 0.095 + 0.010, respectively
(P < 0.01). The MMP of cells treated with both
GW9662 and fenofibrate was higher than that
of fenofibrate alone (Figures 4E and S3B).
Mitochondria became depolarized by fenofi-
brate, and the MMP decreased. After fenofi-
brate treatment, ROS green fluorescence in-
tensity and SOD2 increased significantly (both
P < 0.001, Figures 4F and S3(C), indicating
increased ROS production (Figure S3C). NAC
pretreatment partially reduced ROS produc-
tion caused by fenofibrate. ROS production in
the siPPARa-fenofibrate treatment group was
less than that of the siNC-fenofibrate control
(both P < 0.01, Figure 4G). Fenofibrate treat-
ment decreased ATP production in MGC803
and SGC7901 cells. The ATP production of the
siPPARa-fenofibrate treatment group was gre-
ater than the siNC-fenofibrate control (P <
0.01 and P < 0.05 respectively, Figure 4H).
Taken together, fenofibrate induces mitochon-
drial reprogramming through CPT1 and the
fatty acid oxidation pathway.

Fenofibrate induces mitochondrial reprogram-
ming by activating the AMPK pathway and
inhibiting the HK2 pathway

Cancer cells were believed to primarily utilize
glycolysis for ATP production, referred to as the
Warburg effect. However, recent evidence sug-
gests that oxidative phosphorylation (OXPHOS)
plays a crucial role during cancer progression
[30]. Linglin Yu et al. constructed a regulatory
network of genes and metabolites from which
we extracted a core circuit, containing HIF-1,

Am J Transl Res 2020;12(2):428-446



The anti-tumor effects of fenofibrate in gastric cancer

A MGC803 MGC803 B
g e s FASN @8 &8 272KDa
g g ACC2 % ¥ 280KDa
s = p-ACC2 W=  280KDa
-8
F§ \ 6 CPT1a *" ™  386KDa
E 5 B-actin e e  42KDa
4
g Con Fen
LK Y,
&
C e Rotlanti-A oL RoUantiA
1500 Bonid] | o 1000, R
£ = Fen = 800, ! = si-PPARa+Fen
£ 1000 £
kY 2 m!—!ﬂ
i : : i 4004 ™) ;
& m-r_.—-—d\ ¢ ®
8 N 8 2001 : i
40 70 110 10 40 70 110 150
Time (min) Time (min)
SGC7901
MGC803 MGC803
§* nouFst IV 79koa NOUrst [ I 79Koa
81 nourvt [ sikoa NOUFV! TN 1Ko
NDUFV2 | 24KD
B ~ourv2 [ 24xoa L a
B-actin WS 2KDa B-actin == s 42KDa
io.s Con Fen Con Fen
0.0
P
& R
Py
E — O R F MGC803
S : SOD2 = we= 25KDa
8 Baclin = wms 42KDa
= Con Fen
& SGC7901
[<2]
o SOD2 W= e 25KDa
8 B-actin == s 42KDa
Con Fen
G SGC7901
MGC 803 mocsos ¢ 12
§zo § 81.5 .
‘é g 08 *
o15 ] 1.0 -1
& & g
“1.0
g g g, S 0
205 £ 3 i
=3 =
: £ :
£0.0 & 0.0 0.0
00\“\‘,0 “"o. o °§ ‘?Cr qee.qao ,qu ‘gﬁ' &
W = &
& &

Figure 4. Fenofibrate induced mitochondrial reprogramming through CPT1 and fatty acid oxidation pathway. A.
Effects of fenofibrate on the activity of carnitine palmitoyl transferase 1 in gastric cancer MGC803 and SGC7901
cells. PPAR« si-RNA interference reduced the carnitine palmitoyltransferase-1 activity increased by fenofibrate in
MGC803 cells. B. The expression levels of fatty acid metabolism related proteins FASN and ACC2 were decreased,
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and the expression levels of p-ACC2 and CPT1a protein were increased significantly after fenofibrate treatment. C.
The oxygen consumption rate (OCR) determined by the Seahorse XF24 analyser in MGC803 cells with or without
fenofibrate treatment. Basal respiration level, ATP production and maximal respiration level were calculated from
the seahorse analysis. D. Effects of fenofibrate on the mitochondrial complex | activity in gastric cancer MGC803
and SGC7901 cells. Western blot analysis of mitochondrial complex | subunits NDUFS1, NDUFV1, NDUFV2 protein
expression in MGC803 and SGC7901 cells with or without fenofibrate treatment. E-G. Effects of fenofibrate on ROS
production and SOD2 levels in gastric cancer MGC803 and SGC7901 cells. H. The effects of fenofibrate on ATP
production in gastric cancer MGC803 and SGC7901 cells. **indicates when compared to control group P < 0.01,

***indicates when compared to control group P < 0.001.
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Figure 5. Fenofibrate induced mitochondrial reprogramming by activating the AMPK pathway and inhibiting the HK2
pathway. A. Detection of molecular expression levels of AMPK and PI3K/Akt signaling pathways with or without
fenofibrate by Western blot. The results showed that the relative expression of p-AMPK/AMPK protein in MGC803
cells was increased (P < 0.001) after fenofibrate treatment, while that of PI3K (B-actin as internal reference protein)
and p-Akt/Akt protein decreased (P < 0.01 and P < 0.001, respectively). B. Effect of fenofibrate on the activity of
hexokinase and phosphofructokinase. C. Western blot analysis of glucose metabolism related proteins PKM2, HK2,
GLUTZ1, PDHE1a and PFK expression in gastric cancer MGC803 cells with or without fenofibrate treatment. PPAR«
si-RNA interference reversed the inhibitory effects of fenofibrate on the activity of hexokinase and phosphofructo-
kinase enzyme activity in MGC803 cells. D. Effects of fenofibrate on the mitochondrial structures of gastric cancer
cells under transmission electron microscope. After fenofibrate treatment, the mitochondria of MGC803 cells and
SGC7901 cells were depolarized, and the mitochondrial membrane potential decreased. E. Mitochondrial DNA con-
tent decreased after 48 hours of 50 uM fenofibrate treatment. *indicates when compared to control group P < 0.05,
**indicates when compared to control group P < 0.01, ***indicates when compared to control group P < 0.001.

AMPK, and ROS. In general, cancer cells can
have three stable states-a Warburg state (W:
high HIF-1, low p-AMPK), an oxidative state (O:
low HIF-1, high p-AMPK), and a hybrid state
(W/0: high HIF-1, high p-AMPK) [31]. Western
blot was used to detect the effects of fenofi-
brate on the expression of p-AMPK, AMPK,
PI3K, p-AKT, and AKT in MGC803 cells after
48 h treatment. The relative expression of
p-AMPK/AMPK protein in MGC803 cells was
increased (P < 0.001) after fenofibrate treat-
ment, while that of PI3K and p-AKT/AKT protein
decreased (P < 0.01 and P < 0.001, respec-
tively) (Figure 5A). HK2 and PFK activity in
MGC803 and SGC7901 cells decreased signifi-
cantly after fenofibrate treatment (Figure 5B,
all P < 0.05). After fenofibrate treatment, PDH
expression increased, and the expression of
PKM2, HK2, GLUT1, and PFK were decreased
(all P < 0.05, Figure 5C). HK2 and PFK activity
for the siPPARa-fenofibrate treatment group
were higher than siNC-fenofibrate controls in
MGC803 cells (Figure 5C). Compared with the
control group, fenofibrate treatment caused
mitochondrial swelling, mitochondrial cristae
destruction or disappearance, mitochondrial
vacuolization, and mitochondrial pyknosis
(Figure 5D). Decreased mitochondrial DNA
copy number was also observed in the fenofi-
brate treatment group in both cell lines (P <
0.05, Figure 5E). These data show that fenofi-
brate induced mitochondrial reprogramming by
activating the AMPK pathway and inhibiting the
HK2 pathway.

Fenofibrate inhibits tumor growth in vivo
through reversing metabolic reprogramming
and apoptosis induction

The subcutaneous tumor-bearing mouse mod-
els of MGC803 cells were successfully estab-
lished. Compared with the control group, the
tumors in the fenofibrate-treated group grew
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more slowly than those in control group (Figure
6A), and the tumor weight of the fenofibrate-
treated group was lower (P < 0.05, Figure 6B,
6C). The number of necrotic cells increased
with fenofibrate treatment, while HE staining
showed no significant changes in liver and kid-
ney tissue structures in both groups (Figure
S4A). No significant differences in liver and kid-
ney indexes (ALT, AST, Cr, BUN) and body weight
were observed between control and fenofib-
rate treatment groups (all P > 0.05, Figure S4B,
S4C). Compared to controls, in the fenofibrate
treatment group, the expression of tumor tis-
sue proliferation indexes (Ki67, PCNA) decre-
ased (both P < 0.01, Figure 6D), the proportion
of TUNEL positive cells and apoptosis indexes
(BAX, Caspase-3, cleaved PARP) increased (all
P < 0.001, Figure 6E), and BCL-2 decreased (P
< 0.05, Figure 6F). Additionally, the expression
of glucose metabolism indexes (GLUT1, GLUT4,
PKM2, HK2, PFK) decreased (P < 0.05), while
PDH increased (P < 0.05, Figure 6G), FASN
decreased (P < 0.05), and the expression of
p-ACC and CPT1a increased (P < 0.05, Figure
6H). SOD2 expression also increased (P < 0.05,
Figure 6l). In conclusion, these data indicate
that mitochondria and metabolic reprogram-
ming were targets of fenofibrate, with fenofi-
brate exhibiting anti-tumor activity both in vitro
and in vivo.

Discussion

Stomach cancer is the fifth most frequently
diagnosed cancer and the third leading cause
of cancer deaths worldwide [32]. The low rate
of early diagnosis results in a large proportion
of advanced diseases at the time of diagno-
sis, reducing the changes for radical surgery.
Advanced (clinical stage IV) gastric carcinoma
has a median survival of just ~9-10 months
[33]. The main treatment for advanced gastric
cancer is systematic chemotherapy [4]. How-
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Figure 6. Fenofibrate inhibited tumor growth in vivo through metabolic reprogramming reversal and apoptosis in-
duction. (A) Growth curve of tumor volume. Compared with the control group, the tumors of the fenofibrate-treated
group grew more slowly than those in control group (B) Gross view of tumor. (C) The tumor weights have a significant
statistical difference between control group and fenofibrate treatment group. (D) Representative images of Ki-67
and PCNA IHC staining in tumor tissue. The fenofibrate administration group had less Ki-67 and PCNA expression
(brown) than control group. (E) Representative images of TUNEL staining in tumor tissue. The fenofibrate administra-
tion group had more DNA leakages (red) than control group. (F) Representative IHC images of Bax, Bcl-2, Caspase3
and PARP in tumor tissue. The fenofibrate group had higher Bax, Caspase3, PARP expression levels and lower Bcl-2
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expression level than that of control group. (G) Representative IHC images of GLUT1, GLUT4, HK2, PFK, PKM2 and
PDH in tumor tissue. The fenofibrate group had lower GLUT1, GLUT4, HK2, PFK, PKM2 expression levels and higher
PDH expression level than that of control group. (H) Representative IHC images of FASN, p-ACC2, and CPT1a in tu-
mor tissue. The fenofibrate group had lower FASN expression level and higher p-ACC2, and CPT1a expression level
than that of control group. (I) Representative IHC image of SOD2 in tumor tissue. The fenofibrate group had higher
SOD2 expression level than that of control group. The integrated optical densities of different molecules staining
were measured, *indicates when compared to control group P < 0.05, **indicates when compared to control group
P < 0.01, ***indicates when compared to control group P < 0.001.

ever, patients commonly develop drug resis-
tance and suffer from serious side effects,
which can lead to treatment interruption and
failure. Therefore, finding effective new strate-
gies and drugs for gastric carcinoma with low
toxicity is urgently required. Here, we confirm
fenofibrate’s anti-tumor activity and mechanis-
tically identify that fenofibrate attenuates
tumor growth by regulating mitochondrial func-
tion and normalizing cancer cell metabolism,
partially through PPARa pathway. Fenofibrate
administration in vivo also showed anti-tumor
effects without obvious systemic toxicity.

We confirmed fenofibrate’s anti-tumor effects
in the gastric cancer cell lines MGC803 and
SGC7901 through attenuated tumor cell gr-
owth. Fenofibrate increased the percentage of
apoptotic cells and induced pro-apoptotic bio-
marker expression. Combined with other stud-
ies, fenofibrate continues to demonstrate anti-
tumor effects in various cancer categories [17-
22], indicating a potentially universal anti-tumor
mechanism.

Metabolic reprogramming is currently recog-
nized as one of the hallmarks of cancer [34].
It has been shown that carcinogenesis is asso-
ciated with decreased levels of mitochondrial
proteins and the upregulation of glycolytic en-
zymes [35]. Cancer cells rely on glycolysis to
provide substrates for rapid replication. After
fenofibrate treatment in gastric cancer cells,
glycolysis levels were attenuated by decrea-
sed glucose uptake, glycolytic enzyme activity,
and regulated expression of glycolysis-related
proteins.

Several lines of evidence suggest that targeting
de novo fatty acid synthesis may be effective in
the treatment of some cancers. Fatty acids are
a key component of cell membranes and can
also either act as signaling molecules or store
energy. It was first discovered in the 1950s that
tumors were able to synthesize lipids, and a
subsequent study determined that most lipids
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in tumors cells were synthesized de novo [36,
37]. Since then, numerous studies have identi-
fied de novo fatty acid biosynthesis as a key
metabolic requirement for some cancers [36,
37]. Except for liver, adipose, and lactating
breast tissues, adult tissues do not synthesize
fatty acids de novo [40], offering the inhibition
of de novo fatty acid synthesis as a potential
therapeutic alternative. Fenofibrate decreased
the quantity of FFAs and triglycerides in cells.
FASN and ACC were down-regulated, while
phosphorylation of ACC enzyme (thus inactivat-
ing it) and CPT1 expression were upregulated.
CPT1 activity, which transfers FFAs into the
mitochondrial matrix and is the first component
and rate-limiting step in the beta-oxidation of
long-chain fatty acids, increased after fenofi-
brate treatment, indicating fenofibrate could
not only decrease FFA synthesis but also pro-
mote its catabolism.

We report that fenofibrate induces mitochon-
drial dysfunction by decreasing MMP and in-
ducing oxidative stress. It has been known for
many years that pro-oxidant conditions induced
by mitochondria-derived ROS may contribute to
tumorigenesis or sustain tumor progression. In
fact, many tumor tissues show higher ROS lev-
els when compared to their normal counter-
parts [41]. Excessive ROS above a critical
threshold was reported to lead to cell death by
inducing damage to DNA, lipids, and proteins
[42]. Many bioactive agents like cargo-free NP
based on cationic lipids and cationic peptides
(such as 6K) encapsulated into cNP caused
cancer cell death through ROS generation [43,
44]. Fenofibrate increased ROS production sig-
nificantly and promoted expression of the ROS
scavenger SOD2. We further show that fenofi-
brate promotes cancer cell apoptosis by induc-
ing ROS production, which is mainly derived
from mitochondria [45, 46], and significantly
decreasing ATP production. A recent study
showed that cisplatin-resistant lung adenocar-
cinoma cells exhibited higher MMP and ATP lev-
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els, which confer migratory and invasive capa-
bilities to these cells [47]. New evidence sug-
gests ATP production (bioenergetics) and apop-
tosis (cell life/death decision) have a more inti-
mate link than previously thought, mediated by
the remodeling of the mitochondrial ultrastruc-
ture during apoptosis [48].

Fenofibrate treatment diminished mitochondri-
al OXPHOS by decreasing OCR, mitochondrial
complex | activity, and protein subunit expres-
sion. Because OXPHOS is crucial for anchor-
age-independent cancer cell proliferation [49],
the inhibition of OXPHOS can effectively inhibit
tumor migration and invasion [50]. Targeting
mitochondria, which are necessary for the elec-
tron transport chain and OXPHOS, starves can-
cer cells of ATP and limits the growth and
metastasis of tumors [51]. Genes that encode
complex | subunits are associated with mito-
chondrial OXPHOS and the electron transport
chain [52], and complex | was reported to be an
anti-tumor target [53]. Healthy cells can main-
tain functionality even in the presence of mito-
chondrial inhibitors, making these targets via-
ble as treatment options [51]. Several treat-
ments have been shown to interfere with nor-
mal mitochondrial function in lung tumor cells,
including metformin, BAY87-2243, and microR-
NA-126 [54-57]. These treatments target dif-
ferent aspects of mitochondrial function. For
example, metformin reduces oxygen consump-
tion in the presence of pyruvate and malate,
starving mitochondrial complex | of its sub-
strate, NADH. Metformin may also disrupt lipid
metabolism, glucose metabolism, tricarboxylic
acid cycle, the methionine cycle, the folate
cycle, and nucleotide synthesis [58-61].

Abnormalities in the PIBK/AKT pathway are
closely related to tumorigenesis, progression,
and drug resistance. Inhibition of PIBK/AKT can
result in the inhibition of tumor cell growth and
programmed cell death [62]. In a state of ener-
gy deprivation, AMPK activates fatty acid oxi-
dation and blocks metabolic processes such
as cholesterol biosynthesis, while AMPK is a
potent inhibitor of glycolysis [63]. The present
study found that fenofibrate promotes the
expression of p-AMPKa (Thrl72) (thus activat-
ing) and inhibits the expression of PI3K and
p-AKT (Ser 473) (thus inactivating). Fenofibrate
might inhibit the malignant transformation of
tumors by regulating these tumor cell signaling
pathways.
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Due to either high energetic and oxidative
stress or the activation of specific oncogenes,
cancer cells can be in a hybrid metabolic phe-
notype, utilizing both glycolysis and OXPHOS.
Because cells in the hybrid ‘W/O’ state have
increased plasticity, they could have an advan-
tage in survival over cells with other pheno-
types [31]. PPAR« belongs to the nuclear recep-
tor family, which modulates gene transcription
in response to specific endogenous and exoge-
nous ligands, such as FA and fibrates, respec-
tively [64]. Based on our database and microar-
ray analyses, PPARa was found to be upregu-
lated in gastric cancer tissues compared to
normal gastric tissues and was negatively cor-
related with prognosis. Because fenofibrate
increases p-AMPK expression, which is up-
stream of the signaling pathway molecule
PPAR«x, promoting its expression and activity
[5].

It is reported that fenofibrate accumulates in
mitochondria [15]. In our study, damaged mito-
chondrial structures and releases apoptotic
bodies were evident, showing the pro-apoptotic
potential of fenofibrate. Han Dongfeng et al.
also reported fenofibrate damage to mitochon-
drial structures [16]. Mitochondrial structural
damage could result from oxidative stress,
enhanced ROS, and electron influx. Mitoch-
ondrial DNA (mtDNA) is essential for the main-
tenance of functionally competent organelles.
The accumulation of mtDNA mutations or
decreased mtDNA copy number is expected to
cause mitochondrial dysfunction affecting en-
ergy generation and cell survival, as these pro-
cesses have been associated with aging, mito-
chondrial diseases, and cancer [65-67]. mtDNA
alterations mainly include copy number chan-
ge, point mutations, insertions, and deletions,
which were reported to cause malignant trans-
formation in cancers [68]. Most mtDNA point
mutations identified in cancer tissues have a
high potential to result in mitochondrial dys-
function [69]. This dysfunction, caused by su-
ch mtDNA mutations or mitochondrial enzyme
defects, not only perturbs cellular bioenerget-
ics toward metabolic reprogramming in cancer
cells, but also triggers tumor-promoting chang-
es mediated by ROS, Ca?*, or small molecule
metabolites released by mitochondria [69]. In
gastric cancers, mtDNA copy number is lower
than normal gastric tissue [70]. After fenofi-
brate treatment, we found mtDNA content was
reduced. Decreasing mtDNA could make gas-
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tric cancer cells more vulnerable by attenuating
mitochondrial function and cutting off the ener-
gy supply to inhibit cell growth. HK2 and PFK
activity in MGC803 and SGC7901 cells signifi-
cantly decreased after fenofibrate treatment.
HK2 dissociation from the mitochondria via the
promotion of VDAC1 oligomerization, contribut-
ing to mPTP opening and cytochrome-c release,
activates Caspase-9-dependent cellular apop-
tosis [71].

PPAR upregulation was thought to be a feed-
back response to fenofibrate treatment. Some
studies have shown that the anti-tumor effects
of fenofibrate are dependent on the PPARx
pathway. Han et al. found that fenofibrate
induced cell cycle arrest in US7MG cells during
the GO/G1 phase [23]. Pretreatment of US7TMG
cells with PPARa siRNA significantly rescued
fenofibrate-induced cell cycle arrest, suggest-
ing that fenofibrate induced GO/G1 arrest by
PPARa-dependent mechanisms [23]. We found
that down-regulation of PPARa decreased cell
apoptosis induced by fenofibrate and increased
cell proliferation and colony formation of gas-
tric cancer cells, which were attenuated by
fenofibrate. Importantly, our results demonstr-
ate that some fenofibrate anti-tumor mecha-
nisms are partially depended on PPARq, since
PPARa siRNA pretreatment compromised feno-
fibrate’s effects on mitochondrial function and
metabolism.

In addition to anti-tumor effects in vitro, fenofi-
brate was show to be effective in vivo with no
obvious side effects. Through intragastric ad-
ministration imitating human oral use, fenofi-
brate impeded subcutaneous xenograft tumor
growth without significant hepatic, renal, or sys-
tematic toxicities. Other studies have also con-
firmed the effectiveness and safety of fenofi-
brate in vivo [8, 25]. Immunohistochemical an-
alysis and Tunnel staining showed fenofibrate
inhibited proliferation, glycolysis, and FFA syn-
thesis-related molecular expression while in-
creasing the percentage of apoptotic cells
and pro-apoptosis and FFA catabolism-related
molecular signatures, indicating the mecha-
nisms of tumor inhibition by fenofibrate. In-
creased SOD2 expression indicates that the
oxidative stress induced by fenofibrate in gas-
tric xenografts is consistent with in vitro results.

In conclusion, we demonstrate that fenofibrate
exerts anti-tumor activity both in vivo and in
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vitro by inducing a reversal in cell metabolism
and causing mitochondrial dysfunction, which
could potentially form a new anti-tumor strate-
gy in cancer treatment. PPARa was highly ex-
pressed in gastric cancer tissues and regu-
lates the anti-tumor effects of fenofibrate in
gastric cancer, supporting PPARa as a thera-
peutic target and prognosticator of gastric can-
cer. Some studies have suggested a combina-
tion of first-line therapeutic agents and mito-
chondrial targeting agents could plausibly
serve as an effective strategy to curtail tumor
progression [49]. The promising results of this
investigation support further exploration into
combining fenofibrate with other therapies to
strengthen cancer treatments.
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Figure S1. The extracellular acidification rate (ECAR) determined by the Seahorse XF24 analyzer in MGC803 cells
with or without fenofibrate treatment. The glycolytic level and glycolysis capacity were calculated from seahorse
analysis. PPAR« si-RNA interference restored the reduced glycolysis by fenofibrate in MGC803 cells.
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Figure S2. A. Effects of different concentrations of fenofibrate treatment for 24 hours on the cell survival of MGC803
and SGC7901 cells. B. Fenofibrate treatment reduced cell density and changed cell morphology. C. Western blot
was used to detect the apoptosis-related proteins Bcl-2, Bid, Bax, Caspase3 and PARP protein expression in the
control group and fenofibrate treatment group. The gray values of the bands were measured.
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Figure S3. A. The oxygen consumption rate (OCR) determined by the Seahorse XF24 analyser in MGC803 cells with
or without fenofibrate treatment. Basal respiration level, ATP production and maximal respiration level were calculat-
ed from the seahorse analysis. B. After fenofibrate treatment, the mitochondria of MGC803 cells and SGC7901 cells
were depolarized, and the mitochondrial membrane potential decreased. C. Effects of fenofibrate on ROS produc-
tion and SOD2 levels in gastric cancer MGC803 and SGC7901 cells. The gray values of the bands were measured.
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Figure S4. A. H&E staining of tumor tissues, livers and kidneys. B. The concentrations of alanine aminotransferase
(ALT), aspartate aminotransferase (AST), creatinine (Cr) and urea nitrogen (BUN) in the blood were not statistically
significant between the control group and fenofibrate treatment group. C. The body weights had no significant differ-
ence between the control group and the fenofibrate treatment group.



