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ABSTRACT
The natural flavonoid quercetin has antioxidant, anti-inflammatory, and anticancer effects. We
investigated the effect of quercetin on lipopolysaccharide (LPS)-induced macrophage migration.
Quercetin significantly attenuated LPS-induced inducible nitric oxide synthase (iNOS)-derived
nitric oxide (NO) production in RAW264.7 cells without affecting their viability. Additionally,
quercetin altered the cell size and induced an elongated morphology and enlarged the vacuoles
and concentrated nuclei. Quercetin significantly disrupted the F-actin cytoskeleton structure.
Furthermore, quercetin strongly inhibited LPS-induced macrophage adhesion and migration in
a dose-dependent manner. Moreover, quercetin inhibited the LPS-induced expression of p-FAK,
p-paxillin, FAK, and paxillin as well as the cytoskeletal adapter proteins vinculin and Tensin-2.
Therefore, quercetin suppresses LPS-induced migration by inhibiting NO production, disrupting
the F-actin cytoskeleton, and suppressing the FAK–paxillin pathway. Quercetin may thus have
potential as a therapeutic agent for chronic inflammatory diseases.
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Introduction

Macrophages play an essential role in innate immunity.
Macrophages are activated by pathogen-associated
molecular patterns (PAMPs) on pathogens or cell deb-
ris [1]. Activated macrophages secrete various inflam-
matory mediators, including nitric oxide (NO) and
cytokines, which results in recruitment and activation
of immune cells and communication with adaptive
immunity by antigen presentation [2]. The recruitment
of inflammatory cells to the infection site is vital for
host defense. Disruption of this process can result in
development of diseases, such as cancer, chronic
inflammatory conditions, sepsis, atherosclerosis, and
autoimmune disorders [3]. Therefore, regulators of
macrophage mobility have therapeutic potential for
chronic inflammatory diseases and cancer.

Focal adhesion kinase (FAK) is an intracellular tyr-
osine kinase with roles in cell motility, cell migration,
and cell survival [4]. Indeed, FAK is required for
macrophage motility. FAK expression is low in blood
monocytes but increases in differentiated macrophages
[5,6]. Loss of FAK expression reduces the motility of

macrophages [7]. FAK activation is mediated by lipo-
polysaccharides (LPSs) and dependent on iNOS [3].
The phosphorylation of FAK by the steroid receptor
coactivator family of protein tyrosine kinase (Src) at
several tyrosine residues, including Tyr 925, affects
formation of a complex with paxillin and vinculin and
activates the downstream pathways (e.g., MAPK cas-
cades) that control cellular morphology and motility
[8–12]. Paxillin is a cytoskeletal protein that co-loca-
lizes with FAK at focal adhesion contacts [13]. Paxillin
mediates cell movement by recruiting cytoskeletal ele-
ments and signaling molecules involved in cell attach-
ment, spreading, and migration [14]. The FAK/paxillin
interaction is modulated by the cytoskeletal adapter
protein vinculin via the extracellular signal-regulated
kinase (ERK) pathway [15]. Inhibition of FAK/paxillin
in macrophages could prevent the development of
inflammatory diseases and cancer [16,17].

Quercetin (Que; 3, 5, 7, 3, 3[3-pentahydroxyfla-
vone]), which is a flavonoid present in fruits and
Chinese herbs, has antioxidant [18] and anti-inflamma-
tory effects [19,20]. Studies of the anti-inflammatory
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activity of quercetin have focused on inhibition of the
NF-κB pathway, generation of proinflammatory cyto-
kines, and release of granular components [21,22].
However, the effects of quercetin on LPS-mediated
macrophage motility are unclear. Thus, in the current
study we investigated the effect of quercetin on NO
production and migration by LPS-activated macro-
phages. The results showed that quercetin inhibited
LPS-induced macrophage migration by inhibiting NO
production, modulating the F-actin cytoskeleton struc-
ture, and inhibiting the FAK–paxillin cascade.

Results

Effect of quercetin on macrophage viability

Only the highest concentration of quercetin alone (39
μg/mL) reduced macrophage viability for 24h treat-
ment; when administered together with LPS (1 μg/
mL) for 24h, LPS treatment did not exert a toxic effect
on macrophages. Moreover, Quercetin at 4.9–39 μg/mL
did not affect the viability of LPS-stimulated macro-
phages. Therefore, 4.9–39 μg/mL quercetin was used in
subsequent experiments (Figure 1).

Effect of quercetin on NO production

NO production was detected by Griess Reagent by
measuring nitrite concentration in the culture medium.
We observed that LPS (1 μg/mL) strongly stimulates
NO production in macrophages after incubation for
24h without affecting the cell viability. Moreover, pre-
treatment of macrophages with quercetin (9.5–39 µg/
mL) for 24h reduced LPS-induced NO release in a
concentration-dependent manner (Figure 2(a–b). Cell
viability was not affected by quercetin for 24h treat-
ment (Figure 1(b), suggesting that the quercetin-
mediated inhibition of LPS-induced NO production
was not due to cytotoxicity. Moreover, quercetin at
9.5–39 µg/mL ameliorated the LPS-induced increase
in the iNOS mRNA level after 5h treatment.

Quercetin influences macrophage morphology after
LPS stimulation

Quercetin influenced the morphology of LPS-treated
RAW264.7 macrophages. LPS and quercetin treatment
caused aberrations in cell morphology in a dose-depen-
dent manner (Figure 3). After 24 h, the control cells
were confluent and round, whereas the LPS-treated

Figure 1. Effects of quercetin on macrophage viability with or without LPS stimulation. (a) Macrophages were incubated with 4.9–39
μg/mL quercetin for 24 h. (b) Macrophages were incubated with 4.9–39 μg/mL quercetin and stimulated with LPS (1 μg/mL) for
24 h. Data are means of three replicates; * p < 0.05, ** p < 0.01 compared with the control.

Figure 2. Influence of quercetin on NO production by LPS-stimulated RAW264.7 macrophages. (a) NO production by Griess Reagent;
(b) iNOS expression by qPCR. Data are means of three replicates; experiments were performed in triplicate. ## p < 0.01 compared
with the control; ** p < 0.01; * p < 0.05 compared with LPS treatment.
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cells were attached, of increased size, and formed long,
slim pseudopodia-like protrusions (Figure 3(b)).
Addition of quercetin enhanced the severity of these
morphological changes (Figure 3(c–f)). The percentages
of pseudopodia cell were significantly increased after
LPS treatment, However, quercetin enhanced the

percentages of pseudopodia cell in a dose dependent
manner compared with LPS treatment (Figure 3(g)).

The cytoskeleton plays a vital role in cell movement
and morphology. We reported previously that querce-
tin disrupts F-actin in L929 cells [23]; therefore, we
investigated the effect of quercetin on cytoskeleton

Figure 3. Effect of LPS and quercetin treatment on the morphology of RAW264.7 macrophages. Scale bar, 100 μm. (a) Control. (b)
LPS (1 μg/mL); (c) LPS+ Que 4.9 μg/mL; (d) LPS+ Que 9.5 μg/mL; (e) LPS+ Que 19.5 μg/mL; (f) LPS+ Que 39 μg/mL. Magnification,
20×. Red arrow, morphological change. (g). Percentage of cells with pseudopodia in three randomly selected fields. The experiments
were performed in triplicate. ** p < 0.01.

Figure 4. Fluorescence micrographs of the F-actin cytoskeleton of RAW264.7 macrophages after treatment with quercetin for 2 or
48 h. (a) Control; (b) Que 0.4 μg/mL; (c) Que 4 μg/mL; (d) Que 37 μg/mL. Scale bar, 100 μm. Magnification, 100×.
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structure. After incubation for 2 h, quercetin (37 μg/
mL) altered the actin cytoskeleton (Figure 4(a–d)). The
F-actin structure exhibited marked changes after treat-
ment for 48 h (Figure 4(e–h)); in contrast, actin fila-
ments were evident at the periphery of the control cells.

Regarding ultra-microstructural changes, untreated
macrophages were small and round, with a smooth cell
membrane and small vacuoles (Figure 5(a)). LPS treatment
for 24 h resulted in a significant increase in the size of the
macrophages and the formation of cell-surface protrusions
(Figure 5(b), blue arrow). Macrophages formed larger pha-
gocytic vacuoles than the untreated macrophages (Figure 5
(b), yellow arrow) and had a significantly increased num-
ber of Golgi apparati. After quercetin treatment, the cell
size and the volume of the phagocytic bulbs increased
compared to those of LPS-treated cells (Figure 5(c), yellow
arrow), and the nuclear membranes were folded and con-
centrated with fractured chromosomes (Figure 5(c), white
arrow). Therefore, LPS significantly increased the cell size;
however, quercetin did not result in a further increase in
cell size (Figure 5(d)).

Quercetin inhibits macrophage adhesion after LPS
stimulation

We investigated the effect of LPS and quercetin on cell
adhesion (Figure 6(a–b)). Pretreatment of macrophages
with LPS and quercetin for 24 h significantly inhibited
their adhesion in a dose-dependent manner (4.9–39 μg/
mL), compared with LPS treatment. Moreover, quercetin
alone treatment inhibited macrophage adhesion in a dose-
dependent manner, compared to the control macrophages
(Figure 6(c–d)).

Quercetin inhibits LPS-induced macrophage
migration

In Transwell assays, untreated macrophages showed little
migration. However, LPS-treated macrophages showed
significantly increased migration. Quercetin (4.9–39 μg/
mL) treatment significantly inhibited macrophage migra-
tion in a dose-dependent manner, respectively, compared
with LPS-treated cells (Figure 7(c–f)).

Figure 5. TEM images of macrophages treated with LPS (1 μg/mL) and quercetin (9.5 μg/mL) for 24 h. (a) Control; (b) LPS; (c) LPS
+ Que 9.5 μg/mL. Scale bar, 2 μm. Magnification, 1,200×. (d) Cell size was calculated by measuring the diameter of cells in four
randomly selected fields.
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Quercetin modulates inos and fak-paxillin protein
levels

Because quercetin significantly inhibited NO produc-
tion and iNOS expression in LPS-treated macrophages
(Figure 2(a–b)), we determined the iNOS protein level
in LPS-treated macrophages. Quercetin at 4.9–39 μg/
mL decreased the iNOS protein level in a dose-depen-
dent manner (Figure 8(b)).

Quercetin inhibited the migration of macrophages,
and the FAK-paxillin pathway is associated with cell
motility [24–26]. Thus, we investigated whether quer-
cetin inhibited cell migration by suppressing the pro-
duction of proteins involved in the FAK-paxillin
pathway (Figure 8(a,c–f)). Untreated macrophages
express FAK and low level of paxillin protein. LPS
treatment increased the p-FAKTyr925, FAK, p-paxillin-
Tyr118, and paxillin protein levels compared with the
untreated control macrophages. Addition of quercetin
significantly reduced the magnitude of the LPS-induced
increase in the p-FAKTyr25, FAK, p-paxillinTyr18, and
paxillin protein levels. Moreover, LPS increased the
vinculin and tesin-2 protein levels, which were regu-
lated by quercetin (Figure 8(g–h)). Therefore, the effect
of quercetin on the migration of LPS-induced macro-
phages is mediated by its modulation of the FAK-pax-
illin pathway.

Quercetin regulates the FAK and paxillin protein
levels

Immunofluorescence staining showed that LPS increased
FAK and paxillin expression, whereas quercetin treatment
decreased their expression at the cell periphery, Moreover,
LPS increased the expression of F-actin structure inmacro-
phages cells, whereas, quercetin strongly decreased the
F-actin intensity compared with LPS treatment (Figure 9).

Discussion

Quercetin suppresses the LPS-induced inflammatory
response via various mechanisms [18,22,27,28]; e.g., by
inhibiting the NF-κB, STAT-1, and Syk/Src/IRAK-1
pathways. However, little is known about the effect of
quercetin on cell motility. Macrophages play an impor-
tant role in innate immunity, and their recruitment to
sites of infection or injury is important for controlling
infection and tissue repair. However, uncontrolled or
abnormal accumulation of monocytes can lead to
development of cancer or chronic inflammation.
Therefore, we assessed the effect of quercetin on LPS-
induced macrophages, focusing on their motility.

In accordance with our previous report [23], quer-
cetin alone at 39 μg/mL reduced the viability of macro-
phages for 24h treatment by WST-8 assay. However,

Figure 6. Quercetin inhibits the adhesion of RAW264.7 macrophages. (a) Cells were incubated with or without LPS and quercetin for
24 h; unattached cells were removed; and attached cells were fixed in 4% PFA and stained with crystal violet solution for 10 min at
room temperature. (b) Percentage of adherent cells compared to LPS treatment. The experiment was performed in triplicate. **
p < 0.01. (c) Cells were incubated with quercetin for 24 h; unattached cells were removed; and attached cells were fixed in 4% PFA
and stained with crystal violet solution for 10 min at room temperature. (d) Percentage of adherent cells compared to the control.
The experiment was performed in triplicate. ** p < 0.01 compared with the control.
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quercetin inhibited LPS-induced NO release by macro-
phages without affecting their viability. Moreover,
quercetin reduced the LPS-induced iNOS production
at the protein and mRNA levels. Quercetin exerts
strong effects on LPS induced iNOS mRNA levels
compared with NO production in the culture medium.
This may due to the sensitivity of detection methods.
Griess reagent detected the Nitrite level in the culture
medium, which is one of two primary stable and non-
volatile breakdown products of nitric oxide. However,
RT-PCR detected the iNOS mRNA expression in whole
cells. This may lead to different pattern of quercetin
effect. Sustained production of NO can lead to inflam-
mation and tumorigenesis. NO release stimulates
migration of several types of cells, such as primary
aortic smooth muscle cells [29] and epithelial cells
[30]. Moreover, LPS induces macrophage migration
through the Src-FAK cascade, which is highly

dependent on iNOS [3,12]. Therefore, inhibition of
NO release could be a mechanism by which quercetin
inhibits the migration of LPS-stimulated macrophages.

We next investigated whether the inhibitory effects
of quercetin on LPS-induced expression of iNOS is
associated with the decreased cell migration and FAK-
paxillin expression. Cell migration is essential for
angiogenesis and wound healing. It involves formation
from the plasma membrane of filopodia or lamellipo-
dia, which are supported by actin filaments and asso-
ciated proteins [14]. Quercetin altered macrophage
morphology by inducing some cells to form irregular
shapes (e.g., diamond) or produce slim pseudopodia-
like protrusions. The morphology of intracellular struc-
tures, such as vacuoles and nuclei, was also influenced
by quercetin. Moreover, quercetin disrupted the struc-
ture of F-actin and reduced FAK and paxillin protein
levels at focal adhesion contacts at the leading edges of

Figure 7. Quercetin suppressed the in vitro migration of LPS-stimulated macrophages. (a) Cells were seeded on membranes and
incubated with or without LPS and quercetin for 24 h. Cells on the lower surface of the membrane were stained with crystal violet
and photographed under a light microscope (magnification, ×100). Results are from three independent experiments. Scale bar, 100
μm. (b) Percentage of migratory cells compared to LPS treatment. The experiment was performed in triplicate. ** p < 0.01 compared
with LPS as a control.
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Figure 8. Effect of quercetin on iNOS and FAK-paxillin protein levels in macrophages. Total cell lysates were prepared after treatment
with quercetin or LPS for 24 h. (a) Western blotting for iNOS and FAK-paxillin proteins. Results are representative of three
independent experiments. (b–h) Band intensity determined using Image J software. * p < 0.05, ** p < 0.01 compared with LPS
treatment. ▲ p < 0.05, ▲▲ p < 0.01, compared with no treatment.
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macrophages. Therefore, quercetin impairs the forma-
tion of focal adhesions and actin bundles by suppres-
sing the production of FAK and paxillin. This is
consistent with a previous report that blocking the
expression or function of FAK and paxillin reduced
cell mobility [31]. Moreover, we previously reported
that quercetin attenuates the phagocytosis of Candida

albicans by macrophages by disrupting the F-actin
cytoskeleton structure [23]. Moreover, quercetin can
directly bind to actin [32,33]. Therefore, quercetin
likely inhibits cell migration by altering the
cytoskeleton.

We next evaluated the effect of LPS and quercetin on
adhesion of macrophages. Quercetin inhibited

Figure 9. Modulation of FAK and paxillin expression in LPS-induced macrophage by quercetin. RAW264.7 macrophages were treated
with or without LPS and quercetin (9.5 μg/mL) for 24 h. The cells were fixed and subjected to immunofluorescence for FAK and
paxillin (red), F-actin (green), and nuclei (DAPI, blue) staining. Scale bar, 10 μm.
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macrophage adhesion in a dose-dependent manner,
whereas LPS had no effect. This may be because the
larger size of the LPS-treated cells resulted in fewer cells
being able to attach to the same surface area compared
to untreated cells. Moreover, LPS treatment increased
cell motility; moving cells are less tightly attached to the
substrate. These results confirm that quercetin dis-
rupted the cytoskeleton and decreased cell motility.

The FAK pathway is reportedly important in LPS-acti-
vated macrophages [11]. We observed that untreated
macrophages express FAK, the results of this study were
consistent with the other study that expression of FAK is
increased in differentiated macrophages [6]. Moreover,
quercetin inhibited the LPS-induced expression of
p-FAK, FAK, p-paxillin, and paxillin, as well as the vinculin
and tensin-2 protein levels, in a concentration-independent
manner. Therefore, quercetin influences LPS-induced cell
migration by modulating the FAK/paxillin pathway. These
results are in agreement with our in vitro finding that, in
the presence of quercetin, LPS induces macrophage
migration.

In conclusion, quercetin inhibits LPS-induced NO
production, disrupts the F-actin cytoskeleton, and inhi-
bits macrophage migration. Because abnormal accumu-
lation of macrophages can contribute to disease
progression (e.g., cancer and chronic inflammatory dis-
eases), our data suggest that iNOS/FAK are targets of
quercetin in the presence of LPS-induced inflamma-
tion. Furthermore, quercetin could be used to control
infection and chronic inflammation, as well as to main-
tain tissue homeostasis.

Materials and methods

Materials

Dulbecco’s modified Eagle’s Medium (DMEM), 100×
penicillin and streptomycin, and fetal bovine serum (FBS)
were from Lonza (Verviers, Belgium). Dimethyl sulfoxide
(DMSO), lipopolysaccharide (LPS), quercetin, NaNO2, sul-
fanilamide, naphthylethylene diamine dihydrochloride,
and phosphoric acid were purchased from Sigma-Aldrich
(St. Louis, MO, USA). The WST-8 assay kit and phospha-
tase and protease inhibitor cocktail set I were from Biotool
(Shanghai, China). Primary and secondary antibodies
(Table 1) for Western blotting and immunofluorescence
were purchased from Cell Signaling Technology (Danvers,
MA,USA) and Abcam (Shanghai, China).

Cell culture

RAW 264.7 murine macrophages were purchased from
the Type Culture Collection of the Chinese Academy of

Sciences, Shanghai, China. The cells were cultured in
DMEM supplemented with 10% FBS at 37°C in a 5%
CO2 atmosphere.

WST-8 assay

WST-8 assays were performed as reported previously
[34]. RAW267.4 macrophages were seeded into 96-well
cell culture plates at 5 × 105 cells/mL in DMEM con-
taining the indicated concentrations of quercetin with
or without LPS (1 μg/mL) for 24 h. Next, 10 μL WST-8
per well were added, and the plate was placed on a plate
shaker for 1 min to ensure optimal mixing. After incu-
bation for 30 min, the optical density (OD) at 450 nm
was determined using a microtiter plate reader (Bio-
Rad, Hercules, CA). The mean and standard deviation
of three replicates were determined.

Cell morphology

RAW267.4 macrophages were seeded into 96-well cell cul-
ture plates at 5 × 105 cells/mL in DMEM containing the
indicated concentrations of quercetin with or without LPS
(1 μg/mL) for 24 h. Images of three randomly selected fields
were obtained using an inverted microscope. The percen-
tage of cells with pseudopodia was calculated using Image J
software as the number of cells with pseudopodia ÷ the total
number of cells ×100%.

Table 1. Antibodies used in this study.
Name Source ID Usage

1 Paxillin Rabbit,
pAb

#2542 cell
signaling

WB

2 Anti-rabbit IgG, HRP-linked
antibody

Goat #7074 cell
signaling

WB

3 Phospho–Paxillin (Tyr118) Rabbit,
pAb

#2541 cell
signaling

WB

4 FAK Rabbit,
pAb

#13430 cell
signaling

WB

5 Tensin 2 Rabbit,
pAb

#13430 cell
signaling

WB

6 Vinculin Rabbit,
pAb

#13430 cell
signaling

WB

7 Phospho-FAK(Tyr925) Rabbit,
pAb

#9330 cell
signaling

WB

8 GAPDH-HRP Mouse,
mAb

#ab011
Multi Science

WB

9 Anti-FAK antibody [EP695Y] Rabbit,
mAb

#ab40794abcam IF

10 Anti-paxillin antibody [Y113] Rabbit,
mAb

#ab32084abcam IF

11 Anti-rabbit IgG (H + L), F(ab’)2
Fragment (Alexa Fluor® 555
Conjugate)

Goat #4413cell
signaling

IF

12 CytoPainter Phalloidin-iFluor
488 Reagent

#ab176753abcam IF

13 DAPI staining buffer #C1005Beyotime IF
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Nitric oxide assay

The NO concentrations in cell culture supernatants
were determined by measuring the accumulation of
nitrite (NO2

−) [29]. Briefly, 100 μL of Griess reagent
(1% sulfanilamide, 0.1% naphthylethylene diamine
dihydrochloride, and 2.5% phosphoric acid) were
mixed with an equal volume of culture supernatant in
96-well flat-bottomed microplates and incubated at
room temperature for 10 min. The OD at 540 nm was
read using a microtiter plate reader. Nitrite concentra-
tions were determined from a standard curve estab-
lished using serial dilutions of NaNO2.

Adhesion assay

Adhesion assays were performed as reported previously
[35]. Cells were plated in 12-well plates at 5 × 105 cells/
mL for 12 h and subsequently incubated with quercetin
or LPS (1 μg/mL) for 24 h. Cells were harvested and
reseeded in 24-well plates for 3 h. Cells were washed
and fixed with 4% PFA at room temperature for
15 min. Cristal violet staining solution (Beyotime,
Beijing, China) was next added, and the plates were
incubated for 10 min at room temperature. Images of
five randomly selected fields were obtained using an
inverted microscope. Cells were enumerated using
Image J software. The percentage of adhesion com-
pared to LPS treatment or control group was calculated.

Transwell assay

Transwell assays were performed in triplicate as
reported previously [35]. Cells (4 × 104/well) were
placed in TranswellR cell culture chambers (8 mm
pore size; Corning, Lowell, MA, USA). Cell suspension
was placed in the upper chamber of a TranswellR insert
and incubated with the indicated concentrations of
quercetin and DMSO in serum-free DMEM. The
lower chamber was filled with DMEM containing 20%
FBS as a chemoattractant, and the system was incu-
bated under the normal culture condition for 24 h. The
lower surface of the membrane was treated with 4%
PFA and stained with crystal violet. Cells in five ran-
dom fields per chamber were counted using an inverted
microscope and Image J software. The percentage of
migration was calculated and compared to that under
LPS treatment.

Transmission electron microscopy

Transmission electron microscopy (TEM) was per-
formed as described previously [36]. Briefly,

macrophages (1 × 106 cells/mL) were incubated for
24 h with or without LPS and quercetin (9.5 μg/mL)
in six-well plates. The cells were next harvested and
fixed in 2.5% glutaraldehyde for 2 h at 4°C. Samples
were subsequently rinsed with 0.1 M PBS, fixed in 1%
osmium tetroxide for 1–2 h, and dehydrated sequen-
tially in 50, 70, 80, 90, and 100% ethanol for 15 min.
The specimens were embedded in Epon™ and observed
by TEM (CM100, Philips, The Netherlands). Cell size
was calculated using Image J software by measuring cell
diameters in four randomly selected fields.

F-actin cytoskeleton staining

Immunofluorescence staining for F-actin was per-
formed as reported previously [23]. Macrophages
(1 × 105/mL) were seeded in a four-well plates with/
without quercetin (0.4, 4, and 37 μg/mL) and incubated
for 2 and 48 h under standard conditions. The cells
were washed and fixed with 3.7% PFA for 15 min at
room temperature and then washed and permeabilized
with 0.1% Triton X in PBS for 5 min. The cells were
washed and incubated with Alexa Fluor® 488-phalloidin
for 1 h, subsequently stained with DAPI (1 μg/mL), and
visualized using a BZ-8000 digital fluorescence micro-
scope equipped with BZ-analysis software (Keyence
GmbH, Neu-Isenburg, Germany).

Immunofluorescence staining for FAK and paxillin

Immunofluorescence assays were performed as
reported previously [23,35]. Briefly, cells (3 × 105/mL)
were incubated for 24 h with or without LPS (1 μg/mL)
and 19.5 μg/mL quercetin and then fixed in 4% paraf-
ormaldehyde (PFA) for 20 min at room temperature.
The cells were permeabilized by incubating with 0.1%
Triton X-100 in PBS for 15 min. Subsequently, the cells
were blocked by incubating with 2% BSA for 1 h and
incubated with primary antibodies against FAK (1:500)
and paxillin (1:500) overnight at 4°C; this was followed
by incubation with anti-rabbit IgG secondary antibo-
dies (1:500) and iFluor 488-conjugated phalloidin
(1:1000) (Abcam) for 1 h at room temperature; 100
μL of DAPI solution (Beyotime, Beijing, China) was
added to stain nuclei. Samples were examined using a
TCS SP8 STED ultra-high-resolution laser confocal
microscope (Leica, Japan).

Western blotting

Cells were pretreated with or without LPS (1 μg/mL),
DMSO (control), or quercetin (4.9–39 μg/mL) for 24 h.
Cells were washed with ice-cold PBS, scraped and

10 S. CUI ET AL.



stored at −20°C. Cell lysates were prepared in ice-cold
lysis buffer and clarified by centrifugation. Protein con-
centrations were quantified by BCA assay. Proteins (20
μg) were resolved by 10% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and trans-
ferred onto polyvinylidene difluoride (PVDF)
membranes (Bio-Rad) by electroblotting at 100 V for
90 min. Membranes were probed with the appropriate
primary antibodies (1:1,000 dilution) followed by an
HRP-conjugated secondary antibody (1:3,000 dilution);
bands were detected by enhanced chemiluminescence.

Quantitative PCR

Quantitative PCR (qPCR) was performed as reported
previously [35]. Briefly, cells were pretreated with LPS (1
μg/mL) or DMSO (control) and quercetin (4.9–39 μg/mL)
for 5 h, and total RNA was extracted using the RNeasy
Plus Mini Kit (Qiagen, Valencia, CA). cDNA was pre-
pared using a reverse transcription reagent kit (Selleck
Company, Shanghai, China) according to the manufac-
turer’s instructions. Target genes were amplified using the
Light Cycler® 96 Real-Time PCR System (Roche,
Indianapolis, IN) with the following specific primers:
iNOS, 5ʹ-CCTTGTTCAGCTACGCCTTC-3ʹ (forward)
and 5ʹ-CTGAGGGCTCTGTTGAGGTC-3ʹ (reverse);
GAPDH, 5ʹ-GCACCGTCAAGGCTGAGAAC-3ʹ(for-
ward) and 5ʹ-TGGTGAAGACGCCAGTGGA-3ʹ
(reverse). GAPDH was utilized for normalization. Each
sample was amplified in triplicate, and expression levels
were normalized using the 2−ΔΔCt method.

Statistical analysis

Data are presented as means ± SD of at least three
experiments. A value of p < 0.05 by Student’s t-test
was taken to indicate statistical significance.
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