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A B S T R A C T

Activation of the inflammatory signaling pathway is the most vital part of the pre-metastatic events of breast
cancer. Platycodin D (PlaD) shows favorable pharmacological activities in anti-inflammatory and anti-tumor
effect. The main purpose of this study was to survey the effects of PlaD on S100A8/A9-induced inflammation in
mouse mammary carcinoma 4T1 cells. S100A8/A9 immunolocalization and expression in pre-metastatic lung
tissue were assessed by immunofluorescence staining and ELISA. 4T1 cells were treated with 2.5 μg/mL re-
combinant S100A8/A9 heterodimer and 7.5, 10, or 12.5 μM of PlaD. After 24 h of incubation, cell viability,
migration, and invasion were evaluated by CCK-8, wound-healing, and transwell assay, respectively. Nuclear
translocation of NF-κB p65 was determined by immunostaining and western blot. The levels of pro-inflammatory
cytokines including IL-1β, IL-6, and TNF-α were detected by ELISA. The results showed that S100A8/A9 was
actively increased and released into the extracellular space during the pre-metastatic phase of breast cancer.
PlaD treatment attenuated S100A8/A9-induced growth, migration, and invasion of 4T1 cells. Furthermore, PlaD
decreased the levels of IL-1β, IL-6, and TNF-α by inhibiting nuclear translocation of NF-κB p65. In conclusion,
this study demonstrated that PlaD inhibited S100A8/A9-induced inflammatory response in 4T1 cells by sup-
pressing the expression of IL-6, IL-1β, and TNF-α via inhibition of NF-κB signaling pathways.

1. Introduction

Breast cancer, a serious threat to women's health, was the most
frequently diagnosed cancer in the female all around the world [1,2].
Distant metastasis, the leading cause of death in patients with breast
cancer, includes bone, lung, liver, and brain, among which lung me-
tastasis is one of the most frequent organ metastases [3].

Pre-metastatic niche acts a pivotal part in tumor metastasis to spe-
cific organs. Primary tumor and target organs work together to estab-
lish the pre-metastatic niche, promoting the process of lung metastasis
[4,5]. A recent study has shown that neutrophils in bone marrow-de-
rived cells (BMDCs) create an inflammatory microenvironment that
promotes metastasis by inhibiting innate and secondary anti-tumor
immune responses [6]. It is believed that vascular endothelial growth
factor (VEGF), macrophage-colony stimulating factor (M-CSF), and
tumor necrosis factor α (TNF-α), which are secreted by the melanoma
before the tumor metastases to the lung, induced inflammatory cell
aggregation in the pre-metastatic niche [7]. Similarly, our previous

study showed that lymphocyte mass existed in lung tissue before me-
tastasis, indicating that lymphocytes were associated with the estab-
lishment of the pre-metastatic niche [8].

In summary, activation of the inflammatory signaling pathways is
one of the essential pre-metastatic events. S100A8, S100A9, and
S100A8/A9 heterodimers are calcium-binding proteins that play ex-
tracellular pro-inflammatory functions and participate in the entire
process of pre-metastatic events [9–11]. During the pre-metastasis
period, the expression of S100A8 and S100A9 in the lung was sig-
nificantly increased under host effect. These factors recruit a large
number of BMDCs to gather in the lung before metastasis and form a
pre-metastatic microenvironment similar to an inflammatory state,
which is suitable for tumor cell adhesion and infiltration [12]. The
stability of S100A8/A9 heterodimer is better than that of S100A8 and
S100A9, so the pro-inflammatory effect of S100A8 and S100A9 is often
attributed to their heterodimer [13]. Since the abnormal expression of
S100A8/A9 in microenvironment before metastasis, it may contribute
to the survival, proliferation, migration, and invasion of circulating
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tumor cells in lung tissue.
According to the literature reported, as a major triterpene saponin

extracted from the roots of Platycodon grandiflorum, Platycodin D (PlaD)
shows favorable pharmacological activities in anti-inflammatory and
anti-tumor effect [14]. PlaD attenuated interleukin 1β (IL-1β)-induced
inflammatory response in osteoarthritis chondrocyte by activating
LXRα [15]. PLaD prevented inflammation caused by LPS through the
LXRα–ABCA1 signaling pathway, which not only disrupted lipid rafts,
but also prevented TLR4 translocation into lipid rafts [14]. Wang's re-
sults confirmed that PlaD inhibited IL-13-induced the expression of
inflammatory cytokines and mucus in nasal epithelial cells by inhibiting
the activation of nuclear factor κB (NF-κB) and mitogen-activated
protein kinase (MAPK) signaling pathways [16]. PlaD potentiated
proliferation inhibition and apoptosis induction upon AKT inhibition
via feedback blockade in non-small cell lung cancer cells [17]. How-
ever, the anti-inflammatory effects of PlaD in the pre-metastatic lung of
breast cancer have not been deeply investigated. In the present study,
we sought to explore the effects of PlaD on S100A8/A9-induced in-
flammation in murine mammary carcinoma 4T1 cells.

2. Materials and methods

2.1. Compounds

PlaD (purity≥ 98%, HPLC grade) was obtained from Sichuan
Weikeqi Biological Technology Co., Ltd (Sichuan, China). The structure
of PlaD is presented in Fig. 1.

2.2. Cell culture

The murine mammary carcinoma 4T1 cell line was purchased from
the Cell Bank of Type Culture Collection of the Chinese Academy of
Sciences (Shanghai, China). The cells were cultured in RPMI-1640
medium (Gibco-Invitrogen, NY, USA) containing 10% fetal bovine
serum (FBS, Gibco-Invitrogen) at 37 °C in a 5% CO2 humidified
chamber.

2.3. Animals and experimental pre-metastatic model

Female BALB/c mice, aged five weeks, were purchased from SLAC
Laboratory Animal Co. Ltd, (Shanghai, China) and raised in individual
cages under specific-pathogen-free (SPF) level in the Department of
Laboratory Animal Science, Fudan University. The mice were allowed
to acclimate for 7 days before inoculation and were fed with tap water
and standard laboratory diet. All animal experiments were conducted
following the animal experimental guidelines set by the National
Institutes of Health Guide for the Care and Use of Laboratory Animals.

The 4T1 cells were harvested, and the suspension concentration was
adjusted to 2×106 cells/mL. Except for the control group, the cells in a
volume of 100 μL were injected into the fourth mammary fat pads on
the right side of BALB/c mice. According to the previous experimental
results [8], day 0 to day 14 was the pre-metastatic stage. On day 14,
although tumor cells were not obvious, microenvironment changes
were observed in the lungs. Therefore, day 14 was selected for sub-
sequent tests.

2.4. S100A8/A9 immunolocalization and expression in pre-metastatic lung
tissue

Fourteen days after 4T1 implantation, mice were euthanized, and
the lung was perfused with 4% cold formaldehyde. Next, the lung tis-
sues were post-fixed in 4% formaldehyde overnight. Specimens were
dehydrated with graded alcohol before paraffin embedding. Then,
embedded tissues were cut into 5 μm sections and undergone double-
labeling immunofluorescence staining and immunohistochemistry
(IHC). After blocking with 1% bovine serum albumin, sections were
incubated with the anti-S100A8/A9 antibody (1:100 dilution, Abcam,
Cambridge, UK) overnight and immunolabeled with Alexa Fluor 488
affinipure donkey anti-mouse IgG (H+L) antibody (1:200 dilution,
Yeasen, Shanghai, China) for 60min. Sections were stained with DAPI
(Beyotime Biotechnology, Jiangsu, China) for nuclear counterstaining,
and the sample slides were imaged using the LSM 800 confocal laser
scanning microscopy (Zeiss, Germany).

For the IHC, sections were blocked with 1% bovine serum albumin,
incubated with the anti-S100A8/A9 antibody (1:150 dilution, Abcam)
overnight, and then incubated with the HRP-labeled goat anti-mouse
IgG (H+ L) antibody (1:50 dilution, Beyotime Biotechnology) for
50min. After DAB staining and hematoxylin counterstaining, sections
were dehydrated with graded alcohol, hyalinized in xylene, and finally
sealed with neutral gum. Under the microscope, the positive cells were
stained brown.

For S100A8/A9 measurement, supernatants were obtained by cen-
trifugation after homogenization of lung tissues with sample homo-
genizer (FastPrep-24, MP, USA). The sample protein concentration was
quantified using the BCA assay kit (Beyotime Biotechnology). The levels
of S100A8/A9 were measured using an ELISA kit (R&D system, MN,
USA), according to the manufacturer's instructions.

2.5. Cell viability assay

Concentration-response curves and half maximal inhibitory con-
centration (IC50) were determined using the cell counting kit-8 (CCK-8,
Beyotime Biotechnology). Cells (2× 105 cells/mL) were seeded in 96-
well plates and incubated for 12 h. PlaD was diluted to appropriate
concentrations (10, 12.5, 15, 20, and 25 μM) and immediately applied
to the cells. To test whether recombinant mouse S100A8/A9 hetero-
dimer (R&D system) would enhance or inhibit the viability, cells were
treated with 2.5 μg/mL of S100A8/A9 and incubated with plaD in
combination. After 24 h of exposure, cell viability was evaluated by
CCK-8. The absorbance values were detected at 450 nm, and the IC50
value was extrapolated using linear regression analysis.Fig. 1. Structure of PlaD.
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2.6. Cell migration assay

Cells (2× 105 cells/mL) were seeded in 6-well plates and cultured
to 90% fusion. The cell monolayers were scraped with a sterile pipette
tip to form a gap. Wells were then rinsed with PBS to remove any free-
floating cells and debris, and replaced with serum-free medium con-
taining 2.5 μg/mL of S100A8/A9 and different concentrations of PlaD.
Cells were photographed at 0 and 24 h, and the percentage of wound-
healing was calculated as follows: wound-healing percen-
tage= (original wound area− remaining wound area) / original
wound area×100.

2.7. Cell invasion assay

Cell invasive ability was performed with 24-well transwell plates
equipped with the 8 μm pore in polyethylene terephthalate membranes

(Corning Life Sciences, NY, USA) [18]. Matrigel (Corning Life Sciences)
was diluted (1:30) with pre-cooled coating buffer (0.01M Tris (pH 8.0),
0.7%NaCl) and added to the pre-cooled filter to form a thin gel layer.
Cells were incubated for 24 h with S100A8/A9 and PlaD, alone or in
combination. Afterward, cells were harvested and suspended at a
density of 2× 105 cells/mL in 100 μL of serum-free 1640 medium and
then seeded into the upper chamber. The lower chamber was filled with
600 μL of medium with 10% FBS. After incubation for 24 h at 37 °C in a
CO2 incubator, the cells on the upper surface of the filter were removed
using a cotton swab. Cells that invaded to the lower surface were
stained with DAPI and counted using the LSM 800 confocal laser
scanning microscopy.

2.8. Nuclear translocation of NF-κB p65

Activation of NF-κB can be determined by immunostaining if p65,

Fig. 2. S100A8/A9 immunolocalization and expression in pre-metastatic lung tissue. A, Release of S100A8/A9 from the cytosol into the extracellular space in the pre-
metastatic lungs. Lung tissues were undergone double-labeling immunofluorescence staining and IHC. Imaging shown is representative of three experiments with
similar results. Green, S100A8/A9 heterodimer; blue, nucleus; scale bar, 100 μm for immunofluorescence and 200 μm for IHC. B, The expression of S100A8/A9 in
pre-metastatic lung tissue was detected by ELISA. Each bar represents mean ± SD (n= 5), and p-values were obtained with one-way ANOVA followed by Dunnett's
post hoc test. **, p < 0.01. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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the main subunit of NF-κB, was transferred to the nucleus. Cells
(2× 105 cells/mL) were seeded in confocal plates and incubated for
12 h. Next, cells were treated with 2.5 μg/mL of S100A8/A9, alone or in
combination with 7.5, 10, 12.5 μM of PlaD for the further 24 h. Nuclear
translocation of NF-κB p65 was detected using the NF-κB activation and
nuclear translocation assay kit (Beyotime Biotechnology) according to
the manufacturer's instructions. Briefly, cells were fixed with fixing
solution for 15min, rinsed with washing solution, and overlaid with
blocking liquid for 1 h. Then cells were incubated with NF-κB p65 an-
tibody at 4 °C overnight. The next day, cells were incubated with Cy3-
conjugated anti-rabbit antibody for 1 h and then stained with DAPI for
5min. Finally, the localization of NF-κB p65 was visualized using a
confocal laser scanning microscopy (LSM 800).

2.9. Protein isolation and western blot analysis

Total cellular proteins were isolated using a cell lysis buffer, and the
protein concentration was quantified using the BCA assay kit (Beyotime
Biotechnology). The total proteins were electrophoresed using sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to
nitrocellulose membranes. The membranes were blocked using 5%
nonfat milk for 1 h and incubated overnight at 4 °C with NF-κB antibody
(dilution 1:1000; Cell Signaling Technology, Inc., Boston, USA) and
GAPDH antibody (dilution 1:1000, Proteintech, Hubei, China). After
being rinsed, the membranes were incubated with 1:500 dilute solution
of HRP-labeled goat anti-rabbit IgG (H+ L) (Beyotime Biotechnology)
for 1 h. The blots were visualized with enhanced-chemiluminescence
using BeyoECL Plus Kit (Beyotime Biotechnology). GAPDH served as
the loading control.

2.10. Enzyme-linked immunosorbent assay (ELISA)

Cells (2× 105 cells/mL) were seeded in 6-well plates and incubated
for 12 h. Next, cells were treated with 2.5 μg/mL of S100A8/A9, alone
or in combination with 7.5, 10, 12.5 μM of PlaD for the further 24 h.
After S100A8/A9 stimulation and PlaD treatment, culture supernatant
from each well was collected. The levels of IL-1β, IL-6, and TNF-α in the
supernatants were measured using ELISA kits (Beyotime
Biotechnology), according to the manufacturer's instructions. Briefly,
100 μL of diluent standards and samples was added to appropriate wells
and incubated at 37 °C for 2 h. After that, 100 μL of antibody was added

to all wells and wells were incubated at 37 °C for 1 h. After washed each
well, 100 μL of streptavidin-HRP was added and wells were incubated
at 37 °C for 30min. Nest, after the tetramethylbenzidine substrate was
added, the wells were incubated at 37 °C for 20min in a dark place.
Finally, the reaction was terminated by adding 50 μL of stop solution
and absorbance was measured spectrophotometrically using a micro-
plate reader (Synergy H1, BioTek, USA). The final concentrations of IL-
1β, IL-6, and TNF-α were calculated using the standard curve.

2.11. Statistical analysis

Data were presented as mean ± standard deviation (SD).
Differences of the data among and between groups were analyzed with
one-way analysis of variance (ANOVA) followed by Dunnett's post hoc
test. p < 0.05 were considered to indicate a statistically significant
difference.

3. Results

3.1. The release of S100A8/A9 from the cytosol into the extracellular space
in the pre-metastatic lungs

S100A8/A9 is increased significantly in many inflammatory pro-
cesses, and this heterodimer has been used as an inflammatory bio-
marker for many years [19]. In the present study, we found the release
of S100A8/A9 into the extracellular space in the lungs of 4T1-tumor-
bearing mice (Fig. 2A). Extracellular S100A8/A9 was absent or was
present at low levels in lungs from non-tumor mice (Fig. 2A). Moreover,
S100A8/A9 levels were increased approximately 2.5-fold in tumor mice
(p < 0.01) compared to non-tumor-bearing mice (Fig. 2B). These
findings suggested that S100A8/A9 may in fact be actively increased
and released into the extracellular space during the pre-metastatic
phase. Our previous studies showed an inflammatory response leading
to the abnormity of the pulmonary microenvironment during the pre-
metastatic phase [8]. Indeed, the S100A8/A9 complex was released
during inflammatory events and exerted its pro-inflammatory effect,
which was consistent with our previous conclusion.

3.2. Effects of PlaD on cell viability of 4 T1 in the presence of S100A8/A9

As shown in Fig. 3, in the range of 10–25 μM, PlaD had a significant
inhibitory effect on 4T1 cells (p < 0.001), and this effect was enhanced
by the increase in concentration. The IC50 value of PlaD was 10.7 μM.
According to the experimental results, the concentrations of 7.5, 10,
and 12.5 μM were chosen for use in all subsequent assays. Moreover, it
was found that S100A8/A9 at 2.5 μg/mL had no obvious inhibition or
activation effect on 4T1 cells. Similarly, 2.5 μg/mL of S100A8/A9 had
no impact on the inhibition of PlaD on 4T1, regardless of the con-
centration of PlaD.

3.3. Treatment of PlaD attenuated S100A8/A9-induced migration of 4T1
cells

To determine whether recombined protein S100A8/A9 induces
migration in 4T1 cells, the wound-healing assay was performed. The
cell density of migration assay (cells were incubated until the cell grows
to 90% fusion) was greater than that of the CCK-8 experiment, so the
inhibitory effect of PlaD was changed. In addition, we use the serum-
free medium in which cells are difficult to proliferate. If PlaD inhibited
cell survival, the wound area should be larger after 24 h, but in fact the
remaining wound area is smaller than the original wound area, and the
wound-healing percentage is lower than that of the S100A8/A9-in-
duced group, indicating PlaD inhibited the migration of cells.

The addition of 2.5 μg/mL S100A8/A9 sharply increased the mi-
gration ability of 4T1 cells from 39.57% to 55.06% (p < 0.05). After
treatment with PlaD, migration inducing effect of S100A8/A9 was

Fig. 3. Effects of PlaD on cell viability of 4T1 in the presence of S100A8/A9 or
not. Cells were treated with S100A8/A9 (2.5 μg/mL) and PlaD (10, 12.5, 15, 20,
and 25 μM) for 24 h, and cell viability was assessed by CCK-8. Cells untreated
with PlaD were considered as the control group. Results are expressed as
mean ± SD of three separate experiments performed in triplicate, and p-values
were obtained with one-way ANOVA followed by Dunnett's post hoc test. ***,
p < 0.001 vs. the control group.
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significantly inhibited (p < 0.01). The inhibitory effect of 10 μM group
and 12.5 μM group was stronger and more obvious, which was in a
concentration-dependent manner (Fig. 4).

3.4. Treatment of PlaD attenuated S100A8/A9-induced invasion of 4T1
cells

To determine whether recombined protein S100A8/A9 induces

Fig. 4. Treatment of PlaD attenuated S100A8/A9-induced migration of 4T1 cells. A, Photomicrographs of cell migration from the wound-healing assay. Imaging
shown is representative of three experiments with similar results. Scale bar, 1 mm. B, Wound-healing percentage of 4T1 cells after treated with S100A8/A9, alone or
in combination with PlaD. Each bar represents mean ± SD (n=3), and p-values were obtained with one-way ANOVA followed by Dunnett's post hoc test. *,
p < 0.05; **, p < 0.01.
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invasion in 4T1 cells, transwell assay was performed. The cells were
intervened by plaD, and next they were adjusted to a uniform con-
centration (2×105 cells/mL) before being seeded into the upper
chamber of the transwell insert. As seen in Fig. 5, the invasion capacity
of 4T1 cells was greatly enhanced by 2.5 μg/mL S100A8/A9 exposure
(from 100% to 243%, p < 0.001), but the invasion rate was sig-
nificantly decreased after PlaD treatment (p < 0.001). Moreover, a
concentration-dependent inhibitory effect was observed in PlaD group.
Treatment of 7.5 μM PlaD significantly decreased the invasion ability to
136% (p < 0.001), the 10 μM PlaD group reduced to about half of the
invasion rate compared to S100A8/A9 group (103.64%, p < 0.001),
and the inhibitory effect of 12.5 μM group (66.11%) was better than
that of the 10 μM group.

3.5. Treatment of PlaD inhibited S100A8/A9-induced nuclear translocation
of NF-κB p65

Western blot result (Fig. 6B and C) showed that there was no sig-
nificant difference in the expression of total p65 in each group
(p > 0.05). Compared with the normal control group, NF-κB p65 nu-
clear translocation in S100A8/A9 group was significantly increased.
After the intervention of PlaD, the NF-κB p65 nuclear translocation in
each concentration group was reduced, and the inhibitory effect of
10 μM and 12.5 μM group was further enhanced compared with the
7.5 μM group (Fig. 6A).

3.6. Treatment of PlaD inhibited S100A8/A9-induced over-expressions of
IL-1β, IL-6, and TNF-α

To determine the effect of S100A8/A9 on pro-inflammatory

Fig. 5. Treatment of PlaD attenuated S100A8/A9-
induced invasion of 4T1 cells. A, Photomicrographs
of cell invasion from transwell assays. Imaging
shown is representative of three experiments with
similar results. Blue, nucleus; scale bar, 100 μm. B,
Relative invasion percentage of 4T1 cells after
treated with S100A8/A9, alone or in combination
with PlaD. Cells were counted in 8 randomly selected
fields. Each bar represents mean ± SD (n=3), and
p-values were obtained with one-way ANOVA fol-
lowed by Dunnett's post hoc test. **, p < 0.01; ***,
p < 0.001. (For interpretation of the references to
color in this figure legend, the reader is referred to
the web version of this article.)
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cytokines including IL-1β, IL-6 and TNF-α, and the anti-inflammatory
effect of PlaD, 4T1 cells were treated with 2.5 μg/mL of S100A8/A9 and
intervened with various concentrations of PlaD. As we expected, the
recombinant protein S100A8/A9 significantly mobilized the expres-
sions of IL-1β, IL-6, and TNF-α (Fig. 7, p < 0.001). After treatment
with PlaD, the over-expressions of these inflammatory factors were
decreased in a concentration-dependent manner (Fig. 7, p < 0.05).

4. Discussion

The increase in vascular permeability and activation of in-
flammatory signaling pathway are the typical initiation events of mi-
croenvironment formation of pre-pulmonary metastasis [12]. Our pre-
vious study [8] found that pulmonary vascular permeability and
capillary telangiectasia were increased in 4T1-tumor-bearing mice
compared with normal mice. Besides, we also observed lymphocytic
infiltration in the pre-metastatic lung tissues. In the initial stage of in-
flammation, the activation of inflammatory factors could induce vaso-
dilation and hyperpermeability of the vessel. Therefore, we believe that
inflammation and inflammation-induced vascular hyperpermeability
lay the foundation for pulmonary microenvironmental abnormalities
during the pre-metastatic period of breast cancer.

The heterogeneous dimer S100A8/A9, mainly derived from neu-
trophils and monocytes, is the activator of the innate immune system
[20]. S100A8/A9 is involved in the whole process of metastasis, and
plays a pivotal role in the establishment of the pre-metastatic micro-
environment, increases the migration ability of tumor cells, and accel-
erates the occurrence of pulmonary metastasis [6,21]. The expressions
of S100A8 and S100A9 in the lung increased dramatically in the stage
of pre-metastasis. These factors recruit a large number of bone marrow
cells, hematopoietic precursors, and macrophages to gather in the pre-
metastatic lung [12,22]. Our in vivo study demonstrated the release of
S100A8/A9 into the extracellular space during the pre-metastatic
phase. The inflammatory role of extracellular S100A8/A9 induced ab-
normal microenvironment of lung tissue, which may be one of the
principal causes of pulmonary metastasis in breast cancer. Indeed, our
in vitro data indicated that although the addition of recombinant pro-
tein S100A8/A9 did not alter the survival of 4T1 tumor cells, it greatly
improved the migration and invasion ability of 4T1 cells.

Extracellular S100A8/A9 affects multiple steps of leukocyte re-
cruitment by binding to surface receptors including Toll-like receptor-4
(TLR-4) and the receptor of advanced glycation endproducts (RAGE)
[23,24]. These give rise to the induction of NF-κB, and eventually lead
to the releases of pro-inflammatory factors [25,26]. Herein, we eval-
uated the role of recombinant protein S100A8/A9 on the expressions of
pro-inflammatory factors such as IL-1β, IL-6, and TNF-α in vitro. IL-6
and IL-1β are important inflammatory regulatory factors. These two
proteins are also associated with tumor growth and metastasis. IL-1β is
one of the main subtypes of the IL-1 family, which mediates the im-
portant process of inflammation, and it is also one of the important
components in the inflammatory microenvironment, which is asso-
ciated with the occurrence, development, and metastasis of many types
of tumors [26]. IL-6 controls the morphological changes of tumor cells
and participates in epithelial-mesenchymal transition [27]. TNF-α is a
multipotent cytokine that causes cell proliferation, cell death, and in-
flammation. In addition to the cytotoxic effect on cancer cells, TNF-α
also plays a tumor-promoting activity. Abnormal TNF-α signal pro-
motes tumor cell motility, invasion, and tumor metastasis [28]. The
addition of recombinant protein S100A8/A9 led to the inductions of
TNF-α, IL-6, and IL-1β in our experiment. Also, we found that cell
motility enhancement mediated by these pro-inflammatory factors was
caused by activation of the NF-κB signaling pathway.

According to the latest report, PlaD possesses anti-inflammatory and
anti-tumor capacity [15,17]. Earlier studies provided evidence that
PlaD inhibited migration, invasion, and growth of tumor cells and de-
creased the expressions of inflammatory cytokines by suppressing the

Fig. 6. Treatment of PlaD inhibited S100A8/A9-induced nuclear translocation
of NF-κB p65. A, Photomicrographs of NF-κB p65 localization. Imaging shown is
representative of three experiments with similar results. Red, NF-κB p65; blue,
nucleus; scale bar, 50 μm. B, Representative image of blots. GAPDH served as
the loading control. C, The relative abundance of each band. Scanning densi-
tometry was used for semi-quantitative analysis in comparison to the control
group. Each bar represents mean ± SD (n= 3), and p-values were obtained
with one-way ANOVA followed by Dunnett's post hoc test. (For interpretation of
the references to color in this figure legend, the reader is referred to the web
version of this article.)
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activation of NF-κB signaling pathways [16,29]. Consequently, we
conjectured that the anti-inflammatory and anti-tumor effects of PlaD
on S100A8/A9-stimulated 4T1 cells might also be relevant to NF-κB
signaling pathway. Our experiments demonstrated that PlaD attenuated
S100A8/A9-induced TNF-α, IL-6, and IL-1β over-expressions in 4T1
cells by inhibiting nuclear translocation of NF-κB p65, and finally
suppressed the ability of cell growth, migration, and invasion in a dose-
dependent manner.

In conclusion, we have shown that S100A8/A9, a sensitive local and
systemic marker for the detection of inflammatory activity, promoted
growth, migration, and invasion of highly metastatic 4T1 mammary
carcinoma cells. PlaD suppressed the generation of pro-inflammatory
cytokines including IL-6, IL-1β, and TNF-α via inhibition of NF-κB
signaling pathways, and eventually inhibited inflammatory response of
cancer. Based on our results, PlaD might be conducive to the treatment
of breast cancer metastasis.
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