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Abstract

Background/Aim: Nobiletin is a polymethoxylated flavone enriched in Citrus and is
used as an important drug in traditional Chinese medicine for various kinds of dis-
eases. Among its multiple functions, it has shown that nobiletin inhibits proliferation
of various cancer cells. However, it is unclear whether nobiletin inhibits the growth
of oral squamous cell carcinoma (OSCC) cells.

Materials and Methods: We explored the antitumor effects of nobiletin in TCA-8113
and CAL-27 oral squamous cells. The Cell Counting Kit-8 (CCK8) assay was used to
measure cell vitality. Flow cytometry was performed to measure the number of cells
in the various phases of the cell cycle. PCR and Western blot were applied to deter-
mine MRNA and protein expression, respectively.

Results: Nobiletin inhibited proliferation of TCA-8113 and CAL-27 cells via induc-
ing cell cycle arrest at the G1 phase. In addition, the levels of phosphorylated-PKA
and phosphorylated-CREB were reduced in nobiletin-treated TCA-8113 and CAL-27
cells. Importantly, our results showed that nobiletin treatment resulted in impaired
mitochondrial function and altered glucose consumption, and pyruvate and lactate
production. Lastly, nobiletin was found to inhibit the generation of xenografts in vivo.
Interestingly, administration of 50 umol/L Sp-cAMP, a potent PKA activator, rescued
all phenotypes caused by nobiletin.

Conclusions: Nobiletin inhibits OSCC cell proliferation in a mitochondria-dependent
manner, indicating that it may have a promising role in cancer treatment and attenu-

ation of drug resistance.
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1 | INTRODUCTION

Nobiletin (5, 6, 7, 8, 3’, 4-hexamethoxyflavone) is a polymethox-
ylated flavone that is present in dietary fruits such as oranges
and has been an important drug in traditional Chinese medicine.
Nobiletin has been demonstrated to exhibit anti-inflammatory
(Imada et al., 2008; Wu, Zhou, Tao, & Li, 2006), anti-atherosclerotic
(Whitman, Kurowska, Manthey, & Daugherty, 2005), and anti-al-
lergenic (Jang et al., 2013; Kobayashi & Tanabe, 2006) activities.
Interestingly, a critical role of nobiletin in circadian rhythms regula-
tion has been demonstrated lately (Da, Liu, Zhan, Liu, & Wang, 2016;
Nohara et al., 2015; Shinozaki et al., 2017). Recently, increasing
attention has been given on the anti-cancer effects of nobiletin
(Chen, Ono, Takeshima, & Nakano, 2014; Chen, Creed, et al., 2014;
Ma et al., 2015; Moon & Cho, 2016; Sp et al., 2017; Sp et al., 2018;
Surichan, Arroo, Ruparelia, Tsatsakis, & Androutsopoulos, 2018).
It has been reported that nobiletin inhibits proliferation of multi-
ple types of cancer cells including glioma (Aoki, Yokosuka, Mimaki,
Fukunaga, & Yamakuni, 2013; Lien et al., 2016), acute myeloid
leukemia (Hsiao et al., 2014), hepatocellular carcinoma (Ohnishi
et al., 2004), colon cancer (Morley, Ferguson, & Koropatnick, 2007;
Qiu et al., 2010; Silva et al., 2018; Wu, Song, et al., 2018; Wu
et al., 2015), ovarian cancer (He, Li, Rankin, Rojanasakul, &
Chen, 2015), and breast cancer cells (Chen, Creed, et al., 2014;
Morley et al., 2007; Rahideh et al., 2017; Rahideh et al., 2017; Sp
et al., 2017; Surichan et al., 2018). However, the role that nobiletin
plays in oral squamous cell carcinoma is poorly understood.
Multiple signaling pathways have been involved in nobiletin-medi-
ated metabolites modulation (Huang et al., 2016). Among the various
pathways, cAMP/PKA/ERK/CREB (cyclic adenosine monophosphate/
protein kinase A/extracellular-signal-regulated kinase/cAMP response
element-binding protein) signaling plays essential roles in nobile-
tin-regulated cell activities. It has been shown that nobiletin facilitates
cAMP/PKA/ERK/CREB signaling in hippocampal neurons, (Kawahata
etal.,2013) and that it promotes glucose uptake through PKA/CREB sig-
naling in 3T3-F442A adipocytes (Onda, Horike, Suzuki, & Hirano, 2013).
In addition, reports have demonstrated that CREB activation is associ-
ated with mitochondrial functions (Arnould et al., 2002; Herzig, Scacco,
& Scarpulla, 2000; Rim & Kozak, 2002) and that nobiletin regulates mi-
tochondrial function in neuronal cells (Jojua, Sharikadze, Zhuravliova,
Zaalishvili, & Mikeladze, 2015; Wu et al., 2013). However, whether nobi-
letin regulates mitochondrial function in cancer cells is largely unknown.
Oral squamous cell carcinoma (OSCC) is one of the head and
neck squamous cell cancers that now ranks as the sixth most prev-
alent cancer worldwide (Argiris, Karamouzis, Raben, & Ferris, 2008;
Leemans, Braakhuis, & Brakenhoff, 2011). The 5-year survival of
OSCC patients is only about 50% although current treatments are
effective against early diagnosed OSCC (Montal et al., 2016; Torre
et al., 2015). Recent findings have revealed that mitochondrial func-
tion is critical for the effectiveness of chemotherapeutic agents for
OSCC (Ansari et al., 2018; Liu, Xiong, Tan, & Liu, 2016). In addition,
the cAMP/PKA/CREB signaling has been involved in OSCC drug re-
sistance and migration (Chien et al., 2012; Suzuki et al., 2009).

2 | MATERIALS AND METHODS
2.1 | Materials

TCA-8113 and CAL-27 cells were obtained from the West China
College of Stomatology of Sichuan University (Sichuan, China). RPMI
1640 medium, nobiletin, and Sp-cAMP were purchased from Sigma.
Fetal bovine serum was purchased from GIBCO. Cell Counting Kit-8
(CCKS8) was purchased from MCE (HY-K0301). Anti-PCNA (ab29), anti-
cyclin D1 (ab134175), anti-GAPDH (ab8245), anti-PKA (ab75993), anti-
phosphorylated-PKA (ab32390), anti-CREB antibody (ab32515), and
anti-phosphorylated-CREB (ab32096) antibodies, Propidium lodide
Flow Cytometry Kit (ab139418), Glucose Uptake Assay Kit (ab136955),
L-Lactate Assay Kit (ab65331), Pyruvate Assay Kit (ab65342), and
pyruvate dehydrogenase (PDH) Enzyme Activity Microplate Assay
Kit (ab109902) were purchased from Abcam. Cytochrome Oxidase
Activity Colorimetric Assay Kit was purchased from BioVision (K287).
MitoTracker® Green FM KIT was purchased from Cell Signaling
Technology (9074S).

2.2 | Cell culture

Cells were maintained in RPMI-1640 medium with 10% fetal bovine
serum at 37°C under 95% air and 5% CO,,.

2.3 | Cell viability analysis

TCA-8113and CAL-27 cells were treated with 50 pmol/L, 100 pmol/L,
or 150 pmol/L nobiletin (purity > 98%) for 24, 48, and 72 hr, respec-
tively. Cell numbers were determined by the CCK8 assay according
to the manufacturer's instructions. The absorbance at 450 nm was

detected using a microplate reader (Thermo Scientific).

2.4 | Protein extraction and Western blot

Protein extraction and Western blot experiments were performed
as previously described (Chen et al., 2016). 60 pul RIPA lysis buffer
(Solarbio) was used per well of a 6-well plate. At least three independ-
ent experiments were performed. Cell lysates were centrifuged at
18630 g for 15 min. The supernatants were collected and mixed with
2X SDS-loading buffer and subjected to Western blot analysis. Protein
samples were analyzed by SDS-PAGE. Western blot was carried out
using standard procedures, and immune-reactive proteins were visu-

alized by SuperSignal™ chemiluminescence (Thermo Scientific).

2.5 | Invivo analysis of tumor growth

For tumor growth assays, TCA-8113 cells were injected into the left

flank of 8-week-old nude mice. Twenty-four hours afterimplantation,
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40 mg/kg nobiletin, 40 mg/kg nobiletin with 250 pg/kg Sp-cAMP, or
an equal volume of PBS were injected every 2 days for 12 days. Once
palpable, tumors were measured every 2 days and volumes were cal-
culated using the formula: a*b?/2 (a is the largest dimension and b is
the smallest). After the mice were sacrificed, the xenografts were

pictured and weighed.

2.6 | Immunohistochemical analysis

Formalin-fixed, paraffin-embedded xenografts were sectioned and
used for the immunohistochemical analysis. Paraffin was removed
from the tissues, and the sections were hydrated through a graded
series of ethanol. Antigen retrieval was performed, and sections
were blocked with 5% sheep serum for 60 min. Sections were in-
cubated with anti-PCNA antibody overnight at 4°C. Then, signals

were visualized using 3, 3’-diaminobenzidine on the second day.

2.7 | Flow cytometry analysis of cell cycle

Flow cytometry analysis of the cell cycle was performed by using
the Propidium lodide Flow Cytometry Kit according to the manu-
facturer's instructions. Briefly, cells were harvested and fixed in
ethanol. Rehydrated cells were stained with propidium iodide and
treated with RNase for 30 min. In the end, the cells were analyzed
with MoFlo Astrios (Beckman-Coulter).

2.8 | Cytochrome c oxidase activity measurement

Cytochrome oxidase activities were measured with Cytochrome
Oxidase Activity Colorimetric Assay Kit according to the manufac-
turer's instructions. The working compounds were mixed thoroughly
and subjected to a measurement at 550 nm using a microplate reader
(Infinite F200, Tecan). All results were normalized to the protein con-
centrations of the respective samples.

2.9 | Immunofluorescent staining of mitochondria

Mitochondria were stained with MitoTracker® Green FM KIT ac-
cording to the manufacturer's instructions. Images were captured
with a laser-scanning confocal microscope (True Confocal Scanner
SP5; Leica; HCX Plan Apochromat confocal scanning 20x/0.7 NA
objective lens) by LAS AF software (Leica).

2.10 | Metabolism related tests

Glucose consumption experiments were performed with Glucose
Uptake Assay Kit as previously described (Hai, Shin, Bi, Ye, & Jin,
2018; Sun & Zhang, 2017). Briefly, TCA-8113 cells cultured in

serum-free medium containing 100 pmol/L nobiletin with or without
50 pmol/L Sp-cAMP were incubated overnight in 96-well plate with
a density of 5,000 cells/well. On the next day, cells were washed and
incubated in KRPH with 2% BSA for 40 min and stimulated with in-
sulin for 20 min, followed by 2-DG treatment for 20 min. Cells were
then lysed and heat at 85°C to degrade endogenous NAD(P), fol-
lowed by NADPH generation at 37°C for 1 hr. After recycling am-
plification reaction, the glucose uptake was quantified by optical
density (OD) at 412 nm in a kinetic mode.

Lactate production was examined with L-Lactate Assay Kit ac-
cording to the manufacturer's instructions. Briefly, 1 x 106 TCA-8113
cells treated with 100 pmol/L nobiletin with or without 50 pmol/L
Sp-cAMP were harvested and washed with PBS. Then, the cells
were homogenized in lactate assay buffer; after deproteinization,
the samples were further incubated with reaction mix for 30 min at
room temperature. Lactate production was quantified by measuring
OD 450 nm.

Pyruvate production was detected with Pyruvate Assay Kit ac-
cording to the manufacturer's instructions. Briefly, 1 x 10° TCA-8113
cells treated with 100 pmol/L nobiletin with or without 50 pmol/L
Sp-cAMP were harvested and homogenized in pyruvate assay buf-
fer. After deproteinization, the samples were further incubated with
the reaction mix for 30 min at room temperature. Pyruvate produc-
tion was quantified by measuring OD 570 nm.

Pyruvate dehydrogenase activity was assayed using the PDH
Enzyme Activity Microplate Assay Kit according to the manufactur-
er's instructions. Briefly, TCA-8113 cells treated with 100 pmol/L
nobiletin with or without 50 pmol/L Sp-cAMP were harvested and
total proteins were extracted. Then, 200 ul of 13.5 mg/ml proteins
was loaded onto measuring plates and incubated for 3 hr at room
temperature. After rinsing with the stabilizer solution, samples were
incubated with the assay solution and the kinetics of OD at 450 nm
was read for 30 min.

2.11 | Statistical analysis

All experiments were repeated at least three times, and all data are
presented as means + SD. Statistical analyses were performed with
GraphPad Prism 5.0 (GraphPad Software, Inc.). The statistical com-
parisons were performed by one-way ANOVA followed by Tukey's
post hoc test. p < .05 was considered to indicate statistically signifi-
cant differences. *p < .05, **p < .01.

3 | RESULTS

3.1 | Nobiletin treatment inhibits OSCC cell
proliferation

To study the effect of nobiletin on OSCCs, we treated the OSCCs cell
lines TCA-8113 and CAL-27 with 50, 100, or 150 pmol/L of nobiletin.
We first analyzed the viability of TCA-8113 and CAL-27 cells treated
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FIGURE 1 Nobiletin treatment inhibits OSCC cell proliferation. (a) TCA-8113 and CAL-27 cells were treated with the indicated
concentrations of nobiletin for 24, 48, and 72 hr. Cell numbers were determined by Cell Counting Kit-8 (CCK8). Data from 3 independent
experiments are shown as mean + SD. ***p < .001 compared to control group at the same time point. (b) Proliferation-related protein
levels were examined by Western blot. GAPDH was used as loading control. Representative images were taken from three independent
experiments. (c, d) Cell cycle analysis of TCA-8113 (c) and CAL-27 cells (d) treated with the indicated concentrations of nobiletin for 24 hr
was performed by flow cytometry. Cells treated with an equal volume of DMSO served as control
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FIGURE 2 Nobiletin treatment inhibits PKA/CREB pathway. (a) Western bolt analysis of key PKA pathway markers in TCA-8133 and
CAL-27 cells following treatment with the indicated concentrations of nobiletin for 24 hr. Cells treated with an equal volume of DMSO
served as control. (b) TCA-8113 and CAL-27 cells were treated with 100 pmol/L nobiletin for 24 hr in the absence or presence of 50 pmol/L
Sp-cAMP, a potent PKA activator, followed by Western blot analysis of proliferation-related proteins. Cells treated with an equal volume of
DMSO served as control. Representative images were taken from three independent experiments. (c) Proliferation of TCA-8133 and CAL-
27 cells was determined by the Cell Counting Kit-8 (CCK8) after 24 hr treatment with 100 pmol/L nobiletin in the absence or the presence
of 50 pmol/L Sp-cAMP. Cells treated with equal volume of DMSO served as control. Data from three independent experiments shown as

mean + SD. *, p < .05 compared to control group

with nobiletin or control DMSO. The results showed that nobiletin
significantly inhibited cell viability at all concentrations (Figure 1a).
However, we did not observe any significant changes in cell viabil-
ity when OSCC cells were treated with nobiletin at concentrations
lower than 50 pmol/L (data not shown). Additionally, we examined
the expression levels of proliferation-related proteins PCNA and cy-
clin D1 and found that with the increase in nobiletin concentration,
their protein levels were gradually declined in both TCA-8113 and
CAL-27 cells (Figure 1b). Moreover, we analyzed the cell cycle sta-
tus of cells treated with nobiletin or DMSO. Interestingly, the flow
cytometry results showed that nobiletin treatment dramatically at-
tenuated the percentage of cells in the S and G2 phases (Figure 1c).
In addition, higher nobiletin concentrations resulted in fewer cells in
the G2 and S phases and in a significant enrichment of cells in the G1
phase (Figure 1c). Moreover, similar results were obtained following
treatment of CAL-27 cells with nobiletin. Taken together, our results
indicated that nobiletin inhibited cell proliferation via arresting cell
cycle at the G1 phase.

3.2 | Nobiletin treatment inhibits PKA/
CREB pathway

To further dissect the molecular mechanism underlying nobiletin-
mediated proliferation inhibition, we analyzed the PKA/CREB
pathway. Interestingly, our results showed that nobiletin treatment
of TCA-8113 and CAL-27 cells resulted in a dose-dependent de-
crease in the levels of PKA and phosphorylated-PKA (Figure 2a).
As a result, the levels of phosphorylated-CREB were severely
decreased (Figure 2a), while the total levels of CREB were not
affected, suggesting that nobiletin-mediated inhibition of PKA
activity further interfered with the phosphorylation of CREB.
Importantly, 50 pmol/L Sp-cAMP, a potent PKA activator, restored
the expression of PKA, phosphorylated-PKA, PCNA, and cyclin D1
(Figure 2b). Besides, our results showed that Sp-cAMP restored the
viability of nobiletin-treated cells (Figure 2c). These results further
suggested that nobiletin functions through inhibiting PKA signaling
in OSCC.
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FIGURE 3 Nobiletin treatment inhibits mitochondrial activity. (a) TCA-8113 and CAL-27 cells were incubated with 100 pmol/L nobiletin
for 24 hr in the absence or the presence of 50 pmol/L Sp-cAMP, and then cytochrome oxidase activity was measured. Data from three
independent experiments are shown as mean + SD. *p < .05 compared to control group. (b) Representative immunofluorescent images of
TCA-8113 and Cal-27 cells labeled with MitoTracker Green. Images were captured at 200x magnification

3.3 | Nobiletin treatment inhibits
mitochondrial activity

Since PKA/CREB activity is directly associated with mitochondrial
activity (Xie et al., 2018), we next evaluated the mitochondrial activ-
ity of OSCC cells treated with nobiletin. Our results showed that the
cytochrome oxidase activity was significantly impaired when TCA-
8113 and CAL-27 cells were treated with nobiletin, and administra-
tion of Sp-cAMP significantly restored cytochrome oxidase activity
(Figure 3a). Moreover, MitoTracker Green staining showed that no-
biletin treatment resulted in less alive and metabolically active mi-
tochondria and administration of Sp-cAMP rescued the number of
functional mitochondria (Figure 3b) suggesting that nobiletin reduced
the mitochondrial number and inhibited their activity in OSCC cells.

3.4 | Nobiletin treatment inhibits aerobic glycolysis
in OSCC cells

Apart from the mitochondrial activity, glucose consumption is an-
other index used to evaluate the respiration process. Thus, we
next analyzed the metabolic alterations in TCA-8113 and CAL-27
cells treated with 100 pmol/L nobiletin with or without 50 pmol/L
Sp-cAMP. Interestingly, our results showed that when OSCC cells
were treated with nobiletin, glucose consumption and pyruvate de-
hydrogenase activity were significantly reduced, while lactate and
pyruvate production were significantly increased (Figure 4a-d).
Importantly, treatment with Sp-cAMP attenuated the metabolic ef-
fects of nobiletin, which returned to the basal levels (Figure 4a-d),
suggesting that nobiletin-mediated metabolic changes mainly re-
lied on the cAMP pathway. Taken together, our results suggested a
model where nobiletin inhibited the PKA/CREB pathway and in turn
impeded mitochondrial activity. As a result, impaired pyruvate de-
hydrogenase activity increased the accumulation of pyruvate, which
inhibited the tricarboxylic acid cycle (TCA) cycle and finally inhibited

proliferation (Figure 4e).

3.5 | Nobiletin treatment inhibits OSCC tumor
formation in vivo

Next, we explored the anti-proliferative function of nobiletin in vivo.
TCA-8133 and CAL-27 cells were injected subcutaneously into the
left flank of nude mice. Twenty-four hours after implantation, 40 mg/
kg nobiletin, 40 mg/kg nobiletin with 250 pg/kg Sp-cAMP, or an equal
volume of PBS were injected into the mice every 2 days for 12 days.
The xenografts generated in mice injected with nobiletin were signifi-
cantly reduced in both volume and weight compared to the xenografts
generated in control mice (Figure 5a-c). Interestingly, Sp-cAMP injec-
tion reversed nobiletin-mediated proliferation inhibition (Figure 5a-c),
suggesting that high cAMP levels in the tumors of patients may abate
the function of nobiletin. In addition, we analyzed PCNA expression
levels by immunohistochemical staining and our results revealed that
nobiletin treatment resulted in a dramatic decrease in PCNA levels,
suggesting that proliferation was significantly inhibited by nobiletin
(Figure 5d). As expected, Sp-cAMP reversed the anti-proliferative ef-
fect of nobiletin as revealed by PCNA staining (Figure 5d).

Taken together, our results demonstrated that nobiletin inhibited
OSCC proliferation via regulating PKA/CREB pathway both in vitro
and in vivo. Mechanistically, reduced levels of phosphorylated-CREB
led to a decrease in mitochondrial activity and glucose consumption.
However, nobiletin administration resulted in pyruvate and lactate
accumulation. These metabolic alterations resulted in a significant
decrease in OSCC cell proliferation.

4 | DISCUSSION

Incidence of oral cancer accounts for approximately 2.1% of all can-
cers (Nishiyama et al., 2018). The discovery of chemicals with better
clinical efficacy is an ultimate goal for drug development (Wu, Song,
et al., 2018). Nobiletin is a common flavone enriched in daily con-
sumed fruits such as oranges. Here, our data showed that nobiletin

alone was able to restrain the growth of OSCC cells through inducing
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cell cycle arrest. When OSCC cells were treated with 150 pmol/L
nobiletin, the G2 cell population decreased from 33.38% to 4.90%
and the expression of PCNA and cyclin D1 was almost hardly detect-
able. Our data agree with previous data that nobiletin inhibits cell
growth via inducing G1 cell cycle arrest in a dose-dependent man-
ner (Lee et al., 2017; Lien et al., 2016; Morley et al., 2007; Uesato
et al., 2014). Our data further validated the anti-proliferative role
of nobiletin and suggested that nobiletin alone can be utilized as an
anti-cancer drug. However, both previous reports and our data did
not explore the cytotoxicity of nobiletin on normal cells at the con-
centration of 150 pmol/L, although the in vivo assay did not reveal
any abnormalities in the mice except that nobiletin restrained the
growth of xenografts (Figure 5). Future studies may examine nobile-
tin toxicity in normal cells.

At the molecular level, our data illustrated that nobiletin reduced
the protein levels of both PKA and phosphorylated-PKA. However,
treatment of PC12 cells with 50 umol/L nobiletin (Lai et al., 2011) and
hippocampal neurons with 100 pumol/L nobiletin for less than 15 min
augmented PKA signaling (Matsuzaki et al., 2008). In this study, nob-
iletin concentrations less than 50 pmol/L did not have a significant

effect (data not shown). Further, concentrations of nobiletin higher

than 50 pmol/L resulted in significant inhibition of OSCC cell pro-
liferation in vitro. Besides, we demonstrated, in 2 OSCC cell lines,
that nobiletin decreased the protein levels of PKA. The differences
may also be due to different cell types. Here, we found that oral
administration of 40 mg/kg nobiletin inhibited in vivo OSCC tumor
formation, which is consistent with previous studies that low-dose
of nobiletin (20 mg and 40 mg/kg oral administration) is effective
in controlling tumor progression in different disease models (Da
et al., 2016; Xie et al., 2019). Nonetheless, our data demonstrated
through various experiments that Sp-cAMP, a PKA activator, func-
tions against nobiletin, which validated our results that the PKA/
CREB pathway is impaired when OSCC cells were treated with nob-
iletin. More importantly, our data revealed that mitochondrial func-
tion was dramatically affected by nobiletin. It has been reported that
the PKA/CREB pathway tightly regulates mitochondrial functions (J.
Lee et al., 2005; Rim & Kozak, 2002). Thus, our data link nobiletin,
CREB, and mitochondrial function in OSCC cells, which may illumi-
nate a novel aspect of OSCC treatment. However, since nobiletin
severely impaired mitochondrial function, it is worth exploring how
much influence nobiletin has on mitochondria in normal cells. Hence,

our results showed that the respiration process of OSCC cells was
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FIGURE 5 Nobiletin treatment inhibits tumor growth in OSCC models via inhibiting the PKA pathway. TCA-8133 and CAL-27 cells
were injected subcutaneously into the left flank of nude mice. 24 hr after implantation, 40 mg/kg nobiletin, 40 mg/kg nobiletin with

250 pg/kg Sp-cAMP, or an equal volume of PBS were injected every 2 days for 12 days. (a) Representative tumors from nude mice treated
with nobiletin, nobiletin with Sp-cAMP, or PBS. Average tumor volumes (b) and weights (c) of TCA-8133 and CAL-27 xenografts. (d)
Representative images of immunohistochemical analysis of PCNA expression in TCA-8133 and CAL-27 xenografts (200x)

modulated by the administration of nobiletin, which is consistent
with previous reports suggesting that CREB positively regulates mi-
tochondrial activity and glucose consumption.

Metabolically, nobiletin suppressed glucose consumption and
induced lactate and pyruvate production via inhibiting pyruvate de-
hydrogenase activity. These results strongly suggested that nobiletin
inhibited aerobic glycolysis in TCA-8113 cells. Most importantly, our
data provided in vivo data in a mouse model where nobiletin inhibited
the growth of xenografts. The size and weight of xenografts as well as
the number of PNCA positive cells inside the xenografts were signifi-
cantly reduced suggesting a promising clinical prospect of nobiletin.

In summary, our data validated the antitumor function of nobi-
letin in OSCC cells through inhibiting proliferation. Additionally, our
data demonstrated that nobiletin functions via the PKA/CREB path-
way and modulates mitochondrial function. Most importantly, nobi-
letin inhibited xenografts' growth in vivo. These data suggested that
nobiletin is a promising drug candidate for OSCC treatment.

4.1 | Statement of human and animal rights
The experimental procedures in this study were conducted in ac-
cordance with the Ethics Committee of the Wenzhou Medical

University's approved protocols (wydw2017-0126).

CONFLICT OF INTEREST

The authors declare no conflict of interest.

ORCID

Yi-Ming Fang https://orcid.org/0000-0001-6341-3708

REFERENCES

Ansari, S. S., Sharma, A. K., Soni, H., Ali, D. M., Tews, B., Kénig, R, ...
Berger, M. R. (2018). Induction of ER and mitochondrial stress by
the alkylphosphocholine erufosine in oral squamous cell carcinoma
cells. Cell Death & Disease, 9(3), 296. https://doi.org/10.1038/s4141
9-018-0342-2

Aoki, K., Yokosuka, A., Mimaki, Y., Fukunaga, K., & Yamakuni, T. (2013).
Nobiletin induces inhibitions of Ras activity and mitogen-activated
protein kinase kinase/extracellular signal-regulated kinase signaling
to suppress cell proliferation in Cé rat glioma cells. Biological &/and
Pharmaceutical Bulletin, 36(4), 540-547. https://doi.org/10.1248/
bpb.b12-00824

Argiris, A., Karamouzis, M. V., Raben, D., & Ferris, R. L. (2008). Head and
neck cancer. Lancet, 371(9625), 1695-1709. https://doi.org/10.1016/
S0140-6736(08)60728-X

Arnould, T., Vankoningsloo, S., Renard, P., Houbion, A., Ninane, N.,
Demazy, C., ... Raes, M. (2002). CREB activation induced by mito-
chondrial dysfunction is a new signaling pathway that impairs cell
proliferation. EMBO Journal, 21(1-2), 53-63. https://doi.org/10.1093/
emboj/21.1.53

Chen, C., Ono, M., Takeshima, M., & Nakano, S. (2014). Antiproliferative
and apoptosis-inducing activity of nobiletin against three subtypes of
human breast cancer cell lines. Anticancer Research, 34(4), 1785-1792.

Chen, J.,, Creed, A., Chen, A. Y., Huang, H,, Li, Z., Rankin, G. O, ... Chen, Y.
C. (2014). Nobiletin suppresses cell viability through AKT pathways
in PC-3 and DU-145 prostate cancer cells. BMC Pharmacol Toxicol, 15,
59. https://doi.org/10.1186/2050-6511-15-59

Chen, X., Cao, X., Sun, X., Lei, R., Chen, P, Zhao, Y., ... Zhang, X. (2016).
Bcl-3 regulates TGFbeta signaling by stabilizing Smad3 during breast


https://orcid.org/0000-0001-6341-3708
https://orcid.org/0000-0001-6341-3708
https://doi.org/10.1038/s41419-018-0342-2
https://doi.org/10.1038/s41419-018-0342-2
https://doi.org/10.1248/bpb.b12-00824
https://doi.org/10.1248/bpb.b12-00824
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1093/emboj/21.1.53
https://doi.org/10.1093/emboj/21.1.53
https://doi.org/10.1186/2050-6511-15-59

LIN ET AL.

cancer pulmonary metastasis. Cell Death & Disease, 7(12), e2508.
https://doi.org/10.1038/cddis.2016.405

Chien, M.-H., Ying, T.-H., Hsieh, Y.-S., Chang, Y.-C., Yeh, C.-M., Ko, J.-L.,
... Yang, S.-F. (2012). Dioscorea nipponica Makino inhibits migration
and invasion of human oral cancer HSC-3 cells by transcriptional in-
hibition of matrix metalloproteinase-2 through modulation of CREB
and AP-1 activity. Food and Chemical Toxicology, 50(3-4), 558-566.
https://doi.org/10.1016/j.fct.2011.12.016

Da, C,, Liu, Y., Zhan, Y., Liu, K., & Wang, R. (2016). Nobiletin inhibits epi-
thelial-mesenchymal transition of human non-small cell lung cancer
cells by antagonizing the TGF-p1/Smad3 signaling pathway. Oncology
Reports, 35(5), 2767-2774. https://doi.org/10.3892/0r.2016.4661

Hai, N., Shin, D. W., Bi, H., Ye, K., & Jin, S. (2018). Mechanistic analy-
sis of physicochemical cues in promoting human pluripotent stem
cell self-renewal and metabolism. International Journal of Molecular
Sciences, 19(11), 3459. https://doi.org/10.3390/ijms19113459

He, Z., Li, B., Rankin, G. O., Rojanasakul, Y., & Chen, Y. C. (2015). Selecting
bioactive phenolic compounds as potential agents to inhibit prolifer-
ation and VEGF expression in human ovarian cancer cells. Oncology
Letters, 9(3), 1444-1450. https://doi.org/10.3892/01.2014.2818

Herzig, R. P., Scacco, S., & Scarpulla, R. C. (2000). Sequential serum-de-
pendent activation of CREB and NRF-1 leads to enhanced mitochon-
drial respiration through the induction of cytochrome c. Journal of
Biological Chemistry, 275(17), 13134-13141.

Hsiao, P.-C., Lee, W.-J., Yang, S.-F., Tan, P.,, Chen, H.-Y,, Lee, L.-M,, ...
Chien, M.-H. (2014). Nobiletin suppresses the proliferation and in-
duces apoptosis involving MAPKs and caspase-8/-9/-3 signals in
human acute myeloid leukemia cells. Tumour Biology, 35(12), 11903-
11911. https://doi.org/10.1007/s13277-014-2457-0

Huang, H., Li, L., Shi, W,, Liu, H., Yang, J., Yuan, X., & Wu, L. (2016). The
multifunctional effects of nobiletin and its metabolites in vivo and in
vitro. Evidence-Based Complementary and Alternative Medicine, 2016,
2918796. https://doi.org/10.1155/2016/2918796

Imada, K, Lin, N. A,, Liu, C,, Lu, A., Chen, W., Yano, M., ... Ito, A. (2008).
Nobiletin, a citrus polymethoxy flavonoid, suppresses gene expres-
sion and production of aggrecanases-1 and -2 in collagen-induced
arthritic mice. Biochemical and Biophysical Research Communications,
373(2), 181-185. https://doi.org/10.1016/j.bbrc.2008.05.171

Jang, S. E., Ryu, K. R, Park, S. H., Chung, S., Teruya, Y., Han, M. J., ... Kim,
D. H.(2013). Nobiletin and tangeretin ameliorate scratching behavior
in mice by inhibiting the action of histamine and the activation of
NF-kappaB, AP-1 and p38. International Inmunopharmacology, 17(3),
502-507. https://doi.org/10.1016/j.intimp.2013.07.012

Jojua, N., Sharikadze, N., Zhuravliova, E., Zaalishvili, E., & Mikeladze, D.
G. (2015). Nobiletin restores impaired hippocampal mitochondrial
bioenergetics in hypothyroidism through activation of matrix sub-
strate-level phosphorylation. Nutr Neurosci, 18(5), 225-231. https://
doi.org/10.1179/1476830514Y.0000000120

Kawahata, I., Yoshida, M., Sun, W., Nakajima, A., Lai, Y., Osaka, N., ...
Yamakuni, T. (2013). Potent activity of nobiletin-rich Citrus reticu-
lata peel extract to facilitate cAMP/PKA/ERK/CREB signaling asso-
ciated with learning and memory in cultured hippocampal neurons:
Identification of the substances responsible for the pharmacological
action. Journal of Neural Transmission, 120(10), 1397-1409. https://
doi.org/10.1007/s00702-013-1025-x

Kobayashi, S., & Tanabe, S. (2006). Evaluation of the anti-allergic activ-
ity of Citrus unshiu using rat basophilic leukemia RBL-2H3 cells as
well as basophils of patients with seasonal allergic rhinitis to pollen.
International Journal of Molecular Medicine, 17(3), 511-515. https://
doi.org/10.3892/ijmm.17.3.511

Lai,H.-C.,Wu,M.-J,,Chen, P.-Y., Sheu, T.-T., Chiu,S.-P.,Lin,M.-H., ... Yen, J.-
H.(2011). Neurotrophic effect of citrus 5-hydroxy-3,6,7,8,3',4'-hexa-
methoxyflavone: Promotion of neurite outgrowth via cAMP/PKA/
CREB pathway in PC12 cells. PLoS One, 6(11), e28280. https://doi.
org/10.1371/journal.pone.0028280

CWILEY--®%

Lee, J., Kim, C.-H., Simon, D. K., Aminova, L. R., Andreyev, A. Y.,
Kushnareva, Y. E., ... Ratan, R. R. (2005). Mitochondrial cyclic AMP
response element-binding protein (CREB) mediates mitochondrial
gene expression and neuronal survival. Journal of Biological Chemistry,
280(49), 40398-40401. https://doi.org/10.1074/jbc.C500140200

Lee, M. R, Lin, C,, Lu, C. C., Kuo, S. C,, Tsao, J. W,, Juan, Y. N,, ... Tsai,
F. J. (2017). YC-1 induces GO/G1 phase arrest and mitochondria-de-
pendent apoptosis in cisplatin-resistant human oral cancer CAR cells.
Biomedicine (Taipei), 7(2), 12. https://doi.org/10.1051/bmdcn/20170
70205

Leemans, C. R., Braakhuis, B. J., & Brakenhoff, R. H. (2011). The molec-
ular biology of head and neck cancer. Nature Reviews Cancer, 11(1),
9-22. https://doi.org/10.1038/nrc2982

Lien, L.-M., Wang, M.-J., Chen, R.-J.,, Chiu, H.-C., Wu, J.-L., Shen, M.-Y,, ...
Lu, W.-J. (2016). Nobiletin, a polymethoxylated flavone, inhibits gli-
oma cell growth and migration via arresting cell cycle and suppress-
ing MAPK and Akt pathways. Phytotherapy Research, 30(2), 214-221.
https://doi.org/10.1002/ptr.5517

Liu, M. D., Xiong, S. J., Tan, F., & Liu, Y. (2016). Physcion 8-O-beta-
glucopyranoside induces mitochondria-dependent apoptosis of
human oral squamous cell carcinoma cells via suppressing survivin
expression. Acta Pharmacologica Sinica, 37(5), 687-697. https://doi.
org/10.1038/aps.2015.152

Ma, W.,, Feng, S., Yao, X., Yuan, Z., Liu, L., & Xie, Y. (2015). Nobiletin enhances
the efficacy of chemotherapeutic agents in ABCB1 overexpression can-
cer cells. Scientific Reports, 5, 18789. https://doi.org/10.1038/srep18789

Matsuzaki, K., Kenichi Miyazaki, K., Sakai, S., Yawo, H., Nakata, N.,
Moriguchi, S., ... Ohizumi, Y. (2008). Nobiletin, a citrus flavonoid with
neurotrophic action, augments protein kinase A-mediated phos-
phorylation of the AMPA receptor subunit, GIuR1, and the post-
synaptic receptor response to glutamate in murine hippocampus.
European Journal of Pharmacology, 578(2-3), 194-200. https://doi.
org/10.1016/j.ejphar.2007.09.028

Montal, R., Oliva, M., Taberna, M., De Avila, L., Rovira, A., Cos, M, ...
Mesia, R. (2016). Residual neck disease management in squa-
mous-cell carcinoma of the head and neck treated with radiotherapy
plus cetuximab. Clinical and Translational Oncology, 18(11), 1140-
1146. https://doi.org/10.1007/s12094-016-1496-y

Moon, J. Y., & Cho, S. K. (2016). Nobiletin induces protective autophagy
accompanied by ER-stress mediated apoptosis in human gastric can-
cer SNU-16 cells. Molecules, 21(7), https://doi.org/10.3390/molec
ules21070914

Morley, K. L., Ferguson, P. J., & Koropatnick, J. (2007). Tangeretin and
nobiletin induce G1 cell cycle arrest but not apoptosis in human
breast and colon cancer cells. Cancer Letters, 251(1), 168-178.
https://doi.org/10.1016/j.canlet.2006.11.016

Nishiyama, K., Maruyama, R., Niinuma, T., Kai, M., Kitajima, H., Toyota,
M., ... Suzuki, H. (2018). Screening for long noncoding RNAs associ-
ated with oral squamous cell carcinoma reveals the potentially onco-
genic actions of DLEU1. Cell Death & Disease, 9(8), 826. https://doi.
org/10.1038/541419-018-0893-2

Nohara, K., Shin, Y., Park, N., Jeong, K., He, B., Koike, N., ... Chen, Z.
(2015). Ammonia-lowering activities and carbamoyl phosphate syn-
thetase 1 (Cps1) induction mechanism of a natural flavonoid. Nutrition
& Metabolism, 12, 23. https://doi.org/10.1186/s12986-015-0020-7

Ohnishi, H., Asamoto, M., Tujimura, K., Hokaiwado, N., Takahashi, S.,
Ogawa, K., ... Shirai, T. (2004). Inhibition of cell proliferation by
nobiletin, a dietary phytochemical, associated with apoptosis and
characteristic gene expression, but lack of effect on early rat hepato-
carcinogenesis in vivo. Cancer Science, 95(12), 936-942. https://doi.
org/10.1111/j.1349-7006.2004.tb03180.x

Onda,K.,Horike,N.,Suzuki, T.,&Hirano, T.(2013). Polymethoxyflavonoids
tangeretin and nobiletin increase glucose uptake in murine ad-
ipocytes. Phytotherapy Research, 27(2), 312-316. https://doi.
org/10.1002/ptr.4730


https://doi.org/10.1038/cddis.2016.405
https://doi.org/10.1016/j.fct.2011.12.016
https://doi.org/10.3892/or.2016.4661
https://doi.org/10.3390/ijms19113459
https://doi.org/10.3892/ol.2014.2818
https://doi.org/10.1007/s13277-014-2457-0
https://doi.org/10.1155/2016/2918796
https://doi.org/10.1016/j.bbrc.2008.05.171
https://doi.org/10.1016/j.intimp.2013.07.012
https://doi.org/10.1179/1476830514Y.0000000120
https://doi.org/10.1179/1476830514Y.0000000120
https://doi.org/10.1007/s00702-013-1025-x
https://doi.org/10.1007/s00702-013-1025-x
https://doi.org/10.3892/ijmm.17.3.511
https://doi.org/10.3892/ijmm.17.3.511
https://doi.org/10.1371/journal.pone.0028280
https://doi.org/10.1371/journal.pone.0028280
https://doi.org/10.1074/jbc.C500140200
https://doi.org/10.1051/bmdcn/2017070205
https://doi.org/10.1051/bmdcn/2017070205
https://doi.org/10.1038/nrc2982
https://doi.org/10.1002/ptr.5517
https://doi.org/10.1038/aps.2015.152
https://doi.org/10.1038/aps.2015.152
https://doi.org/10.1038/srep18789
https://doi.org/10.1016/j.ejphar.2007.09.028
https://doi.org/10.1016/j.ejphar.2007.09.028
https://doi.org/10.1007/s12094-016-1496-y
https://doi.org/10.3390/molecules21070914
https://doi.org/10.3390/molecules21070914
https://doi.org/10.1016/j.canlet.2006.11.016
https://doi.org/10.1038/s41419-018-0893-2
https://doi.org/10.1038/s41419-018-0893-2
https://doi.org/10.1186/s12986-015-0020-7
https://doi.org/10.1111/j.1349-7006.2004.tb03180.x
https://doi.org/10.1111/j.1349-7006.2004.tb03180.x
https://doi.org/10.1002/ptr.4730
https://doi.org/10.1002/ptr.4730

LIN eT AL.

3524
32 | \WiLEY—

Qiu, P, Dong, P., Guan, H., Li, S., Ho, C. T., Pan, M. H,, ... Xiao, H. (2010).
Inhibitory effects of 5-hydroxy polymethoxyflavones on colon can-
cer cells. Molecular Nutrition & Food Research, 54(Suppl 2), S244-252.
https://doi.org/10.1002/mnfr.200900605

Rahideh, S. T., Keramatipour, M., Nourbakhsh, M., Koohdani, F., Hoseini,
M., & Shidfar, F. (2017). The effects of Nobiletin, Hesperetin, and
Letrozole in a combination on the activity and expression of aro-
matase in breast cancer cells. Cellular and Molecular Biology, 63(2),
9-13. https://doi.org/10.14715/cmb/2017.63.2.2

Rahideh, S. T., Keramatipour, M., Nourbakhsh, M., Koohdani, F., Hoseini,
M., Talebi, S., & Shidfar, F. (2017). Comparison of the effects of nob-
iletin and letrozole on the activity and expression of aromatase in
the MCF-7 breast cancer cell line. Biochemistry and Cell Biology, 95(4),
468-473. https://doi.org/10.1139/bcb-2016-0206

Rim, J. S., & Kozak, L. P. (2002). Regulatory motifs for CREB-binding
protein and Nfe2l2 transcription factors in the upstream enhancer
of the mitochondrial uncoupling protein 1 gene. Journal of Biological
Chemistry, 277(37), 34589-34600. https://doi.org/10.1074/jbc.
M108866200

Shinozaki, A., Misawa, K., lkeda, Y., Haraguchi, A., Kamagata, M.,
Tahara, Y., & Shibata, S. (2017). Potent effects of flavonoid nobile-
tin on amplitude, period, and phase of the circadian clock rhythm
in PER2:LUCIFERASE mouse embryonic fibroblasts. PLoS One, 12(2),
e0170904. https://doi.org/10.1371/journal.pone.0170904

Silva, |., Estrada, M. F, V Pereira, C., da Silva, A. B., Bronze, M. R,,
Alves, P. M,, ... Serra, A. T. (2018). Polymethoxylated flavones from
orange peels inhibit cell proliferation in a 3D cell model of human
colorectal cancer. Nutrition and Cancer, 70(2), 257-266. https://doi.
org/10.1080/01635581.2018.1412473

Sp, N., Kang, D., Joung, Y., Park, J., Kim, W,, Lee, H., ... Yang, Y. (2017).
Nobiletin inhibits angiogenesis by regulating Src/FAK/STAT3-
mediated signaling through PXN in ER(+) breast cancer cells.
International Journal of Molecular Sciences, 18(5), E935. https://doi.
org/10.3390/ijms18050935

Sp, N., Kang, D. Y., Kim, D. H., Park, J. H., Lee, H. G., Kim, H. J,, ... Yang,
Y. M. (2018). Nobiletin inhibits CD36-dependent tumor angiogen-
esis, migration, invasion, and sphere formation through the Cd36/
Stat3/Nf-Kappab signaling axis. Nutrients, 10(6), E772. https://doi.
org/10.3390/nu10060772

Sun, X., & Zhang, L. (2017). MicroRNA-143 suppresses oral squamous
cell carcinoma cell growth, invasion and glucose metabolism through
targeting hexokinase 2. Bioscience Reports, 37(3), BSR20160404.
https://doi.org/10.1042/BSR20160404

Surichan,S.,Arroo,R.R.,Ruparelia,K., Tsatsakis,A.M.,&Androutsopoulos,
V. P. (2018). Nobiletin bioactivation in MDA-MB-468 breast can-
cer cells by cytochrome P450 CYP1 enzymes. Food and Chemical
Toxicology, 113, 228-235. https://doi.org/10.1016/j.fct.2018.01.047

Suzuki, M., Shinohara, F., Endo, M., Sugazaki, M., Echigo, S., & Rikiishi,
H. (2009). Zebularine suppresses the apoptotic potential of 5-fluoro-
uracil via cAMP/PKA/CREB pathway against human oral squamous
cell carcinoma cells. Cancer Chemotherapy and Pharmacology, 64(2),
223-232. https://doi.org/10.1007/s00280-008-0833-4

Torre, L. A, Bray, F., Siegel, R. L., Ferlay, J., Lortet-Tieulent, J., & Jemal,
A. (2015). Global cancer statistics, 2012. CA: A Cancer Journal for
Clinicians, 65(2), 87-108. https://doi.org/10.3322/caac.21262

Uesato, S., Yamashita, H., Maeda, R., Hirata, Y., Yamamoto, M., Matsue,
S., ... Ju-ichi, M. (2014). Synergistic antitumor effect of a combination
of paclitaxel and carboplatin with nobiletin from Citrus depressa on
non-small-cell lung cancer cell lines. Planta Medica, 80(6), 452-457.
https://doi.org/10.1055/s-0034-1368321

Whitman, S. C., Kurowska, E. M., Manthey, J. A., & Daugherty, A. (2005).
Nobiletin, a citrus flavonoid isolated from tangerines, selectively in-
hibits class A scavenger receptor-mediated metabolism of acetylated
LDL by mouse macrophages. Atherosclerosis, 178(1), 25-32. https://
doi.org/10.1016/j.atherosclerosis.2004.07.034

Wu, J. J,, Cui, Y, Yang, Y. S., Jung, S. C., Hyun, J. W., Maeng, Y. H,, ... Eun,
S.Y. (2013). Mild mitochondrial depolarization is involved in a neu-
roprotective mechanism of Citrus sunki peel extract. Phytotherapy
Research, 27(4), 564-571. https://doi.org/10.1002/ptr.4745

Wu, X., Song, M., Qiu, P,, Li, F., Wang, M., Zheng, J., ... Xiao, H. (2018). A
metabolite of nobiletin, 4'-demethylnobiletin and atorvastatin syner-
gistically inhibits human colon cancer cell growth by inducing GO/G1
cell cycle arrest and apoptosis. Food Funct, 9(1), 87-95. https://doi.
org/10.1039/c7fo01155e

Wu, X., Song, M., Wang, M., Zheng, J., Gao, Z., Xu, F,, ... Xiao, H. (2015).
Chemopreventive effects of nobiletin and its colonic metabolites on
colon carcinogenesis. Molecular Nutrition & Food Research, 59(12),
2383-2394. https://doi.org/10.1002/mnfr.201500378

Wu, Y. Q., Zhou, C. H., Tao, J., & Li, S. N. (2006). Antagonistic effects of
nobiletin, a polymethoxyflavonoid, on eosinophilic airway inflamma-
tion of asthmatic rats and relevant mechanisms. Life Sciences, 78(23),
2689-2696. https://doi.org/10.1016/j.1fs.2005.10.029

Xie, K., Zhu, M., Xiang, P., Chen, X., Kasimumali, A., Lu, R,, ... Pang, H.
(2018). Protein kinase A/CREB signaling prevents adriamycin-in-
duced podocyte apoptosis via upregulation of mitochondrial respi-
ratory chain complexes. Molecular and Cellular Biology, 38(1), e00181-
17. https://doi.org/10.1128/MCB.00181-17

Xie, L., Xie, H., Chen, C., Tao, Z., Zhang, C., & Cai, L. (2019). Inhibiting the
PIBK/AKT/NF-xB signal pathway with nobiletin for attenuating the
development of osteoarthritis: in vitro and in vivo studies. Food &
function, 10(4), 2161-2175. https://doi.org/10.1039/c8fo01786g

How to cite this article: Lin C-X, Tu C-W, Ma Y-K, et al.
Nobiletin inhibits cell growth through restraining aerobic
glycolysis via PKA-CREB pathway in oral squamous cell
carcinoma. Food Sci Nutr. 2020;8:3515-3524. https://doi.
org/10.1002/fsn3.1634



https://doi.org/10.1002/mnfr.200900605
https://doi.org/10.14715/cmb/2017.63.2.2
https://doi.org/10.1139/bcb-2016-0206
https://doi.org/10.1074/jbc.M108866200
https://doi.org/10.1074/jbc.M108866200
https://doi.org/10.1371/journal.pone.0170904
https://doi.org/10.1080/01635581.2018.1412473
https://doi.org/10.1080/01635581.2018.1412473
https://doi.org/10.3390/ijms18050935
https://doi.org/10.3390/ijms18050935
https://doi.org/10.3390/nu10060772
https://doi.org/10.3390/nu10060772
https://doi.org/10.1042/BSR20160404
https://doi.org/10.1016/j.fct.2018.01.047
https://doi.org/10.1007/s00280-008-0833-4
https://doi.org/10.3322/caac.21262
https://doi.org/10.1055/s-0034-1368321
https://doi.org/10.1016/j.atherosclerosis.2004.07.034
https://doi.org/10.1016/j.atherosclerosis.2004.07.034
https://doi.org/10.1002/ptr.4745
https://doi.org/10.1039/c7fo01155e
https://doi.org/10.1039/c7fo01155e
https://doi.org/10.1002/mnfr.201500378
https://doi.org/10.1016/j.lfs.2005.10.029
https://doi.org/10.1128/MCB.00181-17
https://doi.org/10.1039/c8fo01786g
https://doi.org/10.1002/fsn3.1634
https://doi.org/10.1002/fsn3.1634

