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Abstract
Epithelial-to-mesenchymal transition (EMT) process is prevalent during the progression of

tumors. Nasopharyngeal carcinoma (NPC) is no exception. High-mobility group box 1

(HMGB1) was reported to have the effect of inducing EMT in malignancy. However, the

impact of HMGB1-induced EMT in NPC is unclear. Resolvin D1 (RvD1) was reported to

regress the progression of inflammation and apoptosis of phagocytes. The effect of RvD1 in

the EMT is largely unknown. The current research explored the role of RvD1 on HMGB1-

induced EMT in NPC. EMT markers were investigated in 10 NPC and 10 nasopharyngitis

(NPG) patients using immunohistochemistry and Western blot. In vitro, expression of EMT

markers and HMGB1 in CNE1 and CNE2 cells was assessed with immunohistochemical,

Western blot, and confocal microscopy after treatment with recombinant human HMGB1

(rhHMGB1) or HMGB1 gene silencing or RvD1. The invasion and migration of NPC cells

were detected by scratch test and transwell assay. Overexpression and gene silencing of

lipoxin A4 receptor/formyl peptide receptor 2 (ALX/FPR2) and G protein-coupled receptor

32 (GPR32) in CNE2 cells confirmed the effect of RvD1 using Western blots. N-cadherin,

vimentin, and HMGB1 were found up-regulated in NPC samples compared with NPG

samples, while ZO-1 and E-cadherin were down-regulated in NPC tissues. RhHMGB1-

induced EMT in CNE1 and CNE2 cells in a dose-dependent way. CNE2 cell lines treated with rhHMGB1 possessed greater

invasion and migration ability, which was confirmed by gene silencing. RvD1 suppressed HMGB1-induced EMT in NPC cells via

ALX/FPR2 and GPR32 receptors. These results showed that EMTwas obvious in NPC. HMGB1 played a key role in inducing EMT.

RvD1 inhibited HMGB1-induced EMT and might have potential application in the area of NPC treatment.
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Introduction

Nasopharyngeal carcinoma (NPC) arises from the epitheli-
um of the nasopharynx. The highest rates of NPC are in
southeast Asia and northern Africa.1 The onset of NPC in
the population gradually increases from the age of 20 to 60.

Genes, viruses, and environment have been implicated in
the occurrence of NPC. Histologically, NPC is divided into
squamous-cell carcinomas and non-keratinizing carcino-
mas, with most cases being non-keratinizing (>95%).2

Further understanding the mechanism of NPC recurrence
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and metastasis will help us to improve therapeutic efficacy
and clinical outcomes.

The transition of epithelial and endothelial cells to a
motile phenotype, i.e. epithelial-to-mesenchymal transition
(EMT), has been demonstrated to be related to several bio-
logical and pathological processes such as embryonic
development, inflammation, and carcinoma. The cell mor-
phology changes from the epithelial cell phenotype into a
spindle fibroblast-like appearance during EMT, which
gives mobile features to cells. Thus, EMT induces the acqui-
sition and enhancement of invasive ability in cancer cells.
The core events in EMT are the loss of the cell connectivity
and apical–basal polarity.3 EMT has been shown to be relat-
ed to cancer metastasis and poor prognosis in multiple
cancers,4–7 including NPC.8 The EMT process is induced
by a variety type of factors, such as IGF-II, EGF, FGF,
TGF-b and Smad4, the microenvironment and matrix-
degrading enzymes, such as MMPS, and miRNA.
Recently, high-mobility group box 1 (HMGB1) was
reported to enhance EMT in numerous cancers.

HMGB1 was associated with DNA synthesis, repair,
transcription, and genomic stability. It also takes part in
inflammation, chemotaxis, and tissue regeneration after
active or passive protein release from the nucleus.9

Different expression patterns of HMGB1 have been
observed in numerous tumors, including lung, colorectal,
cervical, and pancreatic cancers.10–14 Increased expression
of HMGB1 has been found in NPC and is associated with
progression of the disease and a poor prognosis.15,16 All
these suggest that HMGB1 may promote NPC cell survival
and invasion. As mentioned above, EMT plays a key role
during cancer cell invasion and HMGB1 can enhance this
process in various cell types. Thus, we hypothesize that
HMGB1 may be implicated in the pathogenesis of NPC
via promoting EMT.

Resolvin D1 (RvD1) is a pro-inflammatory extinction
factor formed by DHA through enzymatic transformation
in the inflammatory process, which can have an ultra-
anti-inflammatory effect at the NK level.17 RvD1 is a well-
studied member of D series resolvin, which has protective
effect in respiratory diseases and allergic diseases.18

Previous studies found that RvD1 can alleviate the endo-
thelial cell tight connection disorder and permeability
change caused by lipopolysaccharide stimulation and
effectively inhibit TGF-b1-induced EMT by binding to its
receptors,19,20 lipoxin A4 receptor/formyl peptide receptor
2 (ALX/FPR2), and G protein-coupled receptor 32 (GPR32),
suggesting that RvD1 can effectively restore the epithelial
barrier, reduce epithelial permeability, and reduce patho-
gen invasion. RvD1 has been reported as inhibiting tumor
development by binding to its receptors. We speculated
that RvD1 inhibits the proliferation and metastasis of
NPC by inhibiting HMGB1-induced EMT.

Materials and methods

Cell lines and cell culture

Cells from the human nasopharyngeal carcinoma cell lines
CNE1 (well differentiated) and CNE2 (poorly

differentiated) were grown in Dulbecco’s modified
Eagle’s medium (DMEM Hyclone, USA) containing 10%
fetal bovine serum and 1% penicillin/streptomycin. The
cells were incubated at 37�C in 5%CO2. CNE1 and CNE2
were obtained from the cancer center of Union Hospital
(Wuhan, China) in March 2018.

Patient tissue samples

Ten non-keratosis NPC tissue samples from patients diag-
nosed with NPC by histopathology examination, and 10
NPG tissue samples were obtained from the Department
of Otolaryngology, Union Hospital (Wuhan, China)
between December 2017 and October 2018. Some of the
samples (two-thirds of the sample) were stored for bio-
chemical detection, and some were fixed with formalin
for morphological detection. The experiments were
approved by the research ethics committee of Tongji
Medical College, Huazhong University of Science and
Technology (2018S440).

Protein extraction and Western blot

Tissue and cell protein expression levels were
examined using Western blotting. The 10 NPC tissues and
10 NPG tissues and cells were dissected in radio-
immunoprecipitation assay lysis solution (Beyotime,
Haimen, Jiangsu, China) containing phosphatase inhibitors
and PMSF. After detection of protein concentrations,
approximately 20 lg of protein was loaded on 10% SDS
polyacrylamide gels. Then, the extracted proteins were
transferred from gel onto polyvinylidene fluoride (PVDF)
membranes. The PVDF membranes were blocked with a
blocking buffer (5% non-fat milk in tris-buffered saline
and tween 20 (TBST)) for 1 h and then incubated overnight
at 4�Cwith the following antibodies: ZO-1 (GTX108613,CA,
USA, diluted 1:1000, rabbit polyclonal), N-cadherin
(GTX127345,CA, USA, diluted 1:1000, rabbit polyclonal),
E-cadherin (GTX100443,CA, USA, diluted 1:1000, rabbit
polyclonal), vimentin (GTX112661, CA, USA, diluted
1:1000, rabbit polyclonal), HMGB1 (ab79823, diluted
1:10,000, Abcam, rabbit monoclonal). Membranes were
washed three times with TBST and incubated 1 h with the
horseradish peroxidase (HRP)-labeled secondary antibod-
ies. Enhanced Chemiluminescent Plus (Beyotime, Haimen,
Jiangsu, China) was used to visualize the membranes. The
relative grayscale of the bands of protein and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) were quanti-
fied using Image J 1.51J8 software.

Immunohistochemical staining

HMGB1 localization and transposition in the NPC and
NPG tissues were analyzed. After fixed in 4% formalde-
hyde for at least 12 h, the tissue samples were dehydrated
by graded ethanol, and soft and hard paraffin embedded.
Finally, the tissues were cut into 5 lm sections and placed
on glass slides.

The tissue sections went through de-paraffinization,
hydration, heat-repair, and were blocked. Finally, the sec-
tions were incubated with HMGB1-antibody (Abcam,
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diluted 1:350) at 4�C overnight. The second day, stained
with diaminobenzidine (DAB) and hematoxylin, the
slides were counted with a light microscope. The intensity
of staining was scored with Image-Pro plus6.0.

Immunofluorescence

The protein expression of ZO-1 and vimentin in CNE2 cells
was determined by immunofluorescence. After incubation
with siHMGB1, recombinant human HMGB1 (rhHMGB1),
or RvD1, cells were fixed with 4% paraformaldehyde and
incubated with 0.1% Triton X-100 for 20min to increase
permeability. After washing with PBS three times, 3%
BSA was used to saturate excess protein-binding sites,
and primary antibody was incubated with cover slips over-
night at 4�C. The second day, the primary antibody was
removed. After washing three times with PBS, the cover
slips were incubated with fluorescent antibody (Alexa
Fluor 594 donkey anti-rabbit IgG) 1 h and stained with
DAPI 5min for the identification of nuclei at room temper-
ature. After rinsing with PBS and sealing with antifade
mounting medium, the cover slips were immediately
placed on an Olympus immunofluorescence microscope
(Nikon A1-si, Japan) for observation.

Wound-healing assay

The CNE2 cells were inoculated in six-well plates. After
incubation overnight, the cells grew to over 90% conflu-
ency. Awound of cell monolayers was created using a ster-
ile 200-ll plastic pipette tip. The cells were then treated
with rhHMGB1 (500 ng/ml) or small interfering HMGB1
and cultured with serum-free medium. Wound images
were observed at 0, 24, 48, and 72 h under an inverted
microscope.

In vitro cell motility assay

The motility of cells was measured using transwell plates
(Corning Costar, Cambridge, MA, USA) that were 6.5mm
in diameter with 8lm pore filters. CNE2 cells which had
been treated with rhHMGB1 or siHMGB1 in 200 ll of
DMEM serum-free mediumwere seeded in upper chamber
at a density of 5� 105cells/well. The lower chambers were
loaded with 600 ll of DMEM containing 20% FBS. After
24 h, the upper chambers were removed and fixed with
4% paraformaldehyde for 20min. After staining with crys-
tal violet solution, the filters were observed and photo-
graphed under an inverted microscope (Olympus).

In vitro cell invasion assay

A CNE2 cell suspension (200 ml, 5� 105cells/ml) that had
been treated with rhHMGB1 or siHMGB1 was added into
the upper transwell chambers, which were pre-coated with
matrigel (Corning, NY, USA), and 600ml of DMEM with
20% FBS was added into the lower chamber. CNE2 cells
were then incubated at 37�C for 24 h. The cells above the
filters were carefully wiped out with a cotton swab, and the
cells below the filters were stained by crystal violet solu-
tion, and then photographed under an inverted microscope
(Olympus).

RNA interference

Human HMGB1 small interfering siRNA, negative control
siRNA, human siRNA, and plasmids containing ALX/
FPR2 or GPR32 were purchased from GenePharma, Inc.
CNE2 cells were evenly plated in six-well plates with 10%
FBSwithout antibiotics at the initial concentration of 5� 104

cells/well. The cells were transfected with siRNA or siNC
or plasmids using Lipofectamine 3000 reagent after reach-
ing 60% confluency. Then, they were pre-treated with or
without RvD1 (100 nM) for 2 h and cultured with or with-
out rhHMGB1 (500 ng/ml). The groups transfected with
HMGB1, ALX/FPR2 or GPR32 siRNA and control siRNA
were labeled siHMGB1, siALX/FPR2, siGPR32, and siNC,
respectively, and those transfected with plasmids were
named OEALX/FPR2 and OEGPR32. The gene silencing
and overexpression effects were detected by Western blot
at 48 h post-transfection.

Statistical analyses

The data were presented as mean� S.D. SPSS 17.0 software
(IBM Corp, Armonk, NY, USA) was used for analysis.
Statistical significance was assessed by unpaired
Student’s t-test and one-way analysis of variance. P< 0.05
denotes the presence of a statistically significant difference.
Three replications were conducted in each assay.

Results

EMT markers, HMGB1 expression patterns in
non-keratosis NPC and NPG tissues

To evaluate the expression of EMT markers in NPC, we
performed immunohistochemistry (IHC) staining in 10
human NPC and 10 NPG tissue samples. The IHC staining
of E-cadherin, vimentin, and HMGB1 in representative
samples of NPC and NPG tissues is shown in Figure 1(a).
NPC tissues lost their normal epithelial barrier and became
disorganized. E-cadherin showed a decreasing trend in
NPC, vimentin, and HMGB1 showed an unconspicuous
increase. A semiquantitative evaluation of IHC staining
was used to classify the expression of E-cadherin, vimentin,
and HMGB1 in the samples (Figure 1(b)). There was signif-
icantly different expression of E-cadherin (P< 0.05) and
HMGB1 (P< 0.01) in NPC and NPG tissues. HMGB1 was
mostly located in the nuclei (Figure 1(c), red arrow) in NPG
tissues, while more HMGB1 were found in cytoplasm in
NPC tissues (Figure 1(d), black arrow). To confirm the
EMT occurs in NPC tissues, we evaluated the expression
of ZO-1, N-cadherin, E-cadherin, vimentin, and HMGB1
using Western blotting (Figure 1(e)). The epithelial markers
(ZO-1, E-cadherin) were higher in NPG compared with
NPC, while the mesenchymal markers (N-cadherin, vimen-
tin) were lower in NPG compared with NPC. Expression of
ZO-1, N-cadherin, E-cadherin, vimentin, and HMGB1 was
significantly different (P< 0.05) (Figure 1(f)). Unlike these
semiquantitative evaluations of IHC staining (P> 0.05),
quantitative analyses of the expression of vimentin in the
Western blot indicated a significant difference (P< 0.05).
As protein quantification is more accurate than IHC
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Figure 1. Expression of EMTmarkers and HMGB1 in non-keratosis NPC and NPG tissues. (a) An immunohistochemistry assay was performed to detect the staining of

E-cadherin, vimentin, and HMGB1 in non-keratosis NPC and NPG tissues (�400). (b) The expression of E-cadherin, vimentin and HMGB1 in non-keratosis NPC and

NPG tissues was determined by immunohistochemical semiquantification. Data are presented as mean�SD. *P< 0.05, **P< 0.01. (NPC, n¼ 10 NPG, n¼ 10). (c, d)

The location of HMGB1 in non-keratosis NPC and NPG tissues (�400, �1000). The arrows show the location of HMGB1. (e) Protein expressions of ZO-1, N-cadherin,

E-cadherin, vimentin, and HMGB1 were examined by Western blot. The experiment was performed in triplicate. (f) Quantitative analyses of EMTmarkers and HMGB1.

Data are expressed as mean�SD. *P< 0.05. The data represent the average of three experiments. (A color version of this figure is available in the online journal.)

NPC: nasopharyngeal carcinoma; NPG: nasopharyngitis; GAPDH: glyceraldehyde 3-phosphate dehydrogenase; HMGB1: high mobility group box 1.
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semiquantification, this suggests that the expression of
vimentin was actually higher in the NPC tissues.

RhHMGB1 promoted EMT in CNE1 and CNE2 cell lines

EMT has been considered to induce metastasis of cancer
cells. Western blot analysis showed that rhHMGB1 can sig-
nificantly decrease the epithelial makers E-cadherin and
ZO-1 and increase the mesenchymal markers N-cadherin
and vimentin in both CNE1 (Figure 2(a)) and CNE2
(Figure 2(c)) cells. The results suggest that NPC cells trans-
formed to an EMT phenotype after treatment with
rhHMGB1 and the effect was dose dependent. The expres-
sion of vimentin in the CNE1 cells was not significantly
different among the groups (P> 0.05), and the induction
effect of rhHMGB1 was more obvious in CNE2 cells
(Figure 2(b) and (d)).

The effect of siHMGB1 and rhHMGB1 on cell
morphology, migration, and invasion

RhHMGB1-treated CNE2 cells showed a mesenchymal
morphology transition and the cells had projecting

pseudopodia (Figure 3(a)). A scratch assay was used to
investigate migration of CNE2 cells at 24, 48, and 72 h
(Figure 3(b)). The healing rate of CNE2 cells increased in
the rhHMGB1-treated group compared with the control
group and the siHMGB1 group (Figure 3(d)). To further
confirm the effect of HMGB1 in the CNE2 cell invasion,
we performed transwell migration and invasion assays
(Figure 3(c)). The migration and invasion ability of
rhHMGB1-incubated CNE2 cells dramatically increased
(P< 0.001), while siRNA-mediated inhibition of HMGB1
induced the migration and invasion ability of CNE2 cells
(Figure 3(e)). The migration and wound-healing assays
revealed that cells transfected with siHMGB1 migrated
more slowly than the rhHMGB1-treated and control cells.
The invasion assay indicated that rhHMGB1 promoted
NPC cell invasion (P< 0.001).

The effect of RvD1, rhHMGB1, and siHMGB1 on the
expression of EMT markers in CNE2 cell lines

To further examine the relationship of HMGB1 with EMT
in NPC and its possible inhibitors, we analyzed the

Figure 2. Expression of EMT markers in NPC cells (a) (c) Western blot assay was performed to detect the expression of ZO-1, N-cadherin, E-cadherin, vimentin, and

GAPDH in CNE1 and CNE2 cells after treatment with dose-dependent rhHMGB1. Each experiment was performed in triplicate. (b) (d) Quantitative analyses of

expression of EMT markers in CNE1 and CNE2 cells. Data are expressed as mean�SD, *P< 0.05. The data represent the average of three experiments.

rhHMGB1: recombinant human high mobility group box 1; GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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Figure 3. Effect of rhHMGB1 and siHMGB1 on CNE2 cell migration and invasion. (a) Microscopic (�100) images of CNE2 cells cultured with or without rhHMGB1

(500 ng/ml) for 24 h and 48 h. The experiment was performed in triplicate. (b) Images of scratch wound-healing assay captured under a microscope (�100) at 0 h, 24 h,

48 h, and 72 h. The experiment was performed in triplicate. (c) In transwell assays, knockdown of HMGB1 suppressed the migration and invasion ability of CNE2 cells

compared with rhHMGB1 and control groups. The experiment was performed in triplicate. (d) Quantitative analyses of scratch area per group by time-point, *P< 0.05.

(e) Comparisons of cell number per field use migration and invasion assay of three groups of cells. *P< 0.05, **P< 0.01, ***P< 0.001. The data represent the average of

three experiments. (A color version of this figure is available in the online journal.)
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expression of ZO-1 and vimentin in different treated cells
with confocal microscopy. The expression of ZO-1
increased in siHMGB1 and RvD1-treated groups compared
with the control and rhHMGB1 groups (Figure 4(a)), and
the expression of vimentin decreased in the siHMGB1 and
RvD1-treated groups compared to the control and
rhHMGB1 groups (Figure 4(b)). RvD1 and siHMGB1
up-regulated the expression of ZO-1 and E-cadherin
while down-regulated the expression of N-cadherin and
vimentin compared with the control and rhHMGB1-
treated groups (Figure 4(c)).

Interaction between HMGB1 and RvD1
and its receptors

In order to illustrate the direct relationship between
HMGB1 and RvD1 with its receptors, we measured the
protein expression of HMGB1 after incubation CNE2 cell
lines with RvD1 (100 nM) and expression of ALX/FPR2 and

GPR32 after incubation with RvD1 and rhHMGB1. We
found that RvD1 inhibited the expression of HMGB1 in
CNE2 cell lines (Figure 5(a)). Expression levels of HMGB1
were significantly different (P< 0.05) (Figure 5(b)). The
change of ALX/FPR2 was not obvious, while the expres-
sion of GPR32 slightly increased after treatment with
rhHMGB1. Both the receptors increased after incubated
with RvD1 (Figure 5(c)).

RvD1 inhibits HMGB1-induced EMT via ALX/FPR2
and GPR32 receptors

RvD1 inhibited rhHMGB1-induced EMT in a dose-
dependent fashion (Figure 6(a)). To illustrate the mecha-
nism of the active effects of RvD1 on EMT, the influence
of gene silencing and over-expression of the receptors of
RvD1 on the marker proteins of EMT were tested
in CNE2 cells with and without rhHMGB1 treatment.
The effects were verified by Western blot (Figure 6(b)).

Figure 4. Confocal microscopic examination of ZO-1 and vimentin and protein expression of EMT markers in different groups of CNE2 cells. (a) Expression of ZO-1

in CNE2 cells. Scar bar, 20 lm. (b) Expression of vimentin in CNE2 cells. Scar bar, 20 lm. (c) Western blot assay was performed to detect the expression of ZO-1,

N-cadherin, E-cadherin, vimentin, and GAPDH in CNE2 cells after treatment with rhHMGB1 (500 ng/ml), siHMGB1, or RvD1 (100 nM). Each experiment was performed

in triplicate. (A color version of this figure is available in the online journal.)

GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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Increased expression of mesenchymal markers (N-cadherin
and vimentin) induced by rhHMGB1 was attenuated by
RvD1, and gene silencing of ALX/FPR2 or GPR32 reversed
the effect. Reduced expression of ZO-1 and E-cadherin in
rhHMGB1-treated CNE2 cells was restored by RvD1, while
the silencing of receptor ALX/FPR2 or GPR32 eliminated
the effects of RvD1. The inhibiting effect of RvD1 on
HMGB1-induced EMT was enhanced by the overexpres-
sion of ALX/FPR2 or GPR32. This resulted in the recovery
of ZO-1 and E-cadherin and reduction of N-cadherin and
vimentin (Figure 6(c) and (d)). The results showed that
RvD1 suppressed rhHMGB1-induced EMT via ALX/
FPR2 and GPR32 receptors.

Discussion

Invasion and metastasis are characteristics of cancer cells
and are related to the degree of malignancy and survival
rate.21 They are the main causes of death in patients with
NPC, and some patients even have tumor metastasis at an
early stage of the disease. An important contributor to
cancer metastasis and invasion is EMT,22 a cellular transi-
tion between epithelial and mesenchymal states. EMT has
been reported in NPC in previous studies and is supported
by our finding that the mesenchymal markers N-cadherin
and vimentin were raised and epithelial markers,23,24 ZO-1
and E-cadherin were decreased in NPC tissues compared
with NPG tissues (Figure 1(a) and (e)). Among many cyto-
kines which initiate EMT, HMGB1was attached by scholars
gradually. In our study, HMGB1 was observed to have

increased significantly and translocated to the cytoplasm
in the NPC tissue samples (Figure 1(c)). As a key mediator
of inflammation, HMGB1 provides an active environment
for cancers. Previous research has shown that HMGB1 can
promote cancer development by inducing EMT.25,26

As a non-histone nuclear protein, HMGB1 regulates
gene expression and processor of DNA repair, division,
inflammation, cell death, apoptosis, and EMT.27 Initially,
HMGB1, mainly extracellular HMGB1, was identified and
further studied as an important pro-inflammatory agent.
An inflammatory environment partly maintains microenvi-
ronment for tumor growth. Consistent with previous stud-
ies, we demonstrated that HMGB1 was up-regulated and
released from the nucleus and EMTwas also found in NPC.
In addition to the inflammatory environment, Epstein-Barr
virus (EBV) infection is also an important factor in the
increase of HMGB1 in patients with nasopharyngeal carci-
noma. Zhu et al. demonstrated that HMGB1 can be induced
by EBV infection, which is considered to be an important
pathogen in NPC, and promotes the proliferation of human
NPC cells.28,29 Therefore, the elevation of HMGB1 may be
related to EBV infection and inflammatory environment in
NPC. We hypothesized the increased and translocated
HMGB1 aggravate the occurrence of EMT in NPC. In our
research, we found that rhHMGB1 treatment changed the
expression of epithelial and mesenchymal markers. The
expression of mesenchymal markers (N-cadherin and
vimentin) was increased and epithelial markers (E-cad-
herin and ZO-1) were decreased (Figure 2). By transwell
assay, rhHMGB1 enhanced invasion and migration of
NPC cells (Figure 3). Furthermore, disrupting the expres-
sion of HMGB1 partly reversed the EMT induced by
HMGB1. Gene silencing of HMGB1 inhibited the migration
and invasion of NPC cell lines. This confirmed our hypoth-
esis that increased and translocated HMGB1 indeed caused
progress of NPC by promoting EMT (Figure 4). The molec-
ular mechanism of HMGB1 causing EMT has been men-
tioned in previous studies.

Numerous studies had demonstrated that HMGB1 was
an effective target to modulated EMT process in various
cells. Inhibition of HMGB1 expression can result in the
repression of EMT. Our findings are consistent with those
previous studies. HMGB1 can bind to its receptor, i.e.
RAGE to activate signaling pathways. Downstream signal
pathway associated with RAGE involved in EMT including
Cdc42/Rac, MAPK/NF-jB, and PI3K/AKT pathways.
Silencing of HMGB1 in NPC cell lines may release EMT
via reducing RAGE downstream signals.27,30

RvD1, an endogenous lipid mediator, has potent anti-
inflammatory and pro-resolution actions in inflammation
mediated by its receptors, GPR32, and ALX/FPR2. Its pro-
tective effect on inflammation has been reported in many
diseases.31–35 Its inhibiting effect on cancers has also been
proposed.36 In these studies, one vital anti-inflammatory
mechanism of RvD1 is suppressing the inflammatory cyto-
kines release including HMGB1.37,38 In order to investigate
the effect of RvD1 onHMGB1 inNPC cell lines, we assessed
the expression of HMGB1 after incubation with RvD1
in CNE2 cell lines. The results showed that RvD1
suppressed the expression of HMGB1 (Figure 5(a)).

Figure 5. Interaction between HMGB1 and RvD1 and its receptors. (a) Western

blot assay was performed to detect the expression of HMGB1 in CNE2 cells after

treatment with RvD1 (100 nM). The experiment was performed in triplicate.

(b) Quantitative analyses of expression of HMGB1 in CNE2 cells. Data are

expressed as mean�SD, *P< 0.05. The data represent the average of three

experiments. (c) The expression of ALX/FPR2 and GPR32 after treatment with

rhHMGB1 and RvD1. The experiment was performed in triplicate.

HMGB1: high mobility group box 1; RvD1: resolvin D1; FPR2: formyl peptide

receptor 2; ALX: lipoxin A4 receptor; GAPDH: glyceraldehyde 3-phosphate

dehydrogenase.
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Interestingly, HMGB1 and RvD1 influenced each other.
HMGB1 as an important pro-inflammatory cytokine has
been proven to suppress the capacity of phagocytosis par-
tially through inducing the expression of 15-PGDH, which
is an RvD1 inactivating enzyme. It suggested that HMGB1
has negative impact on the level of RvD1.39 Meanwhile,
RvD1 also can prevent the inflammasome assembly
during inflammation, which is an important pathological

process involved in the release of HMGB1.40 In our study,
we measured the protein expression of ALX/FPR2 and
GPR32 after incubated with RvD1 and rhHMGB1. The
results showed that the changes of ALX/FPR2 were not
obvious after incubation with rhHMGB1, while the expres-
sion of GPR32 increased after treatment with RvD1 and
rhHMGB1. RvD1 up-regulated the expression of the two
receptors (Figure 5(c)).

Figure 6. RvD1 suppression of rhHMGB1-induced EMT via ALX/FPR2 and GRP32 receptors in CNE2 cells. (a) RvD1 inhibited rhHMGB1-induced EMT and showed

dose-dependent effects. (b) Effects of siRNA of ALX/FPR2 and GPR32 and plasmids containing ALX/FPR2 and GPR32 cDNA on CNE2 cells. (c) Effects of ALX/FPR2

gene silencing or over-expression on the change in EMT markers by RvD1 in rhHMGB1-induced EMT marker expression in CNE2 cells. Cells were transfected with

siRNA of ALX/FPR2 or plasmid containing FPR2/ALX for 48 h. The cells were then cultured with or without rhHMGB1 (500 ng/ml) and RvD1 (100 nM). (d) Effects of

GPR32 gene silencing or over-expression on the changes of EMTmarkers by RvD1 in rhHMGB1-induced EMTmarker expression in CNE2 cells. Cells were transfected

with siRNA of GPR32 or plasmid-containing GPR32 for 48 h. The cells were then cultured with or without rhHMGB1 (500 ng/ml) and RvD1 (100 nM). After incubation,

the expressions of EMT markers were determined by Western blot. Each experiment was performed in triplicate.

Con: control; SI: siRNA; OE: overexpression; NC: control siRNA
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In order to study the subsequent effect of RvD1 sup-
pressed HMGB1, we evaluated the expression of EMT
markers in CNE2 cell lines. We found that RvD1 significant-
ly inhibited the expression of N-cadherin and vimentin and
increased the expression of E-cadherin and ZO-1 in CNE2
cell lines. This subsequent effect is via the receptors GPR32
and ALX/FPR2, particularly GPR32. Overexpression of
ALX/FPR2 and GPR32 and incubated with RvD1 signifi-
cantly suppressed rhHMGB1-induced EMT, especially the
expression of E-cadherin (Figure 6). RvD1 also can inhibit
the expression of HMGB1-induced activation of NF-jB.
NF-jB, which is an important transcription factor that reg-
ulated the expression of adhesion molecules and the
expression of pro-inflammatory cytokines, can be inhibited
by RvD1 and its activation is associated with increased
HMGB1 acetylation and pronounced localization of
HMGB1 in the cytoplasm.41

In our study, we found that RvD1 reversed the
rhHMGB1-induced EMT and silenced the receptors of
RvD1, GPR32 and ALX/FPR2, and reversed this protection
effect in CNE2 cell lines. We postulate that RvD1 protects
NPC cell lines via inhibiting the HMGB1/PI3K/AKT/
GSK3b/b-catenin and MAPK/NF-jB pathway to improve
the environment of cancers.

The other possible mechanism for the protective effect
on RvD1 in NPC cell lines may be the membranous mole-
cule RAGE, which functions as a receptor for HMGB1.
Slowik et al. reported physiological interactions between
RAGE and formyl peptide receptors (FPRs).42 They found
that RAGE ligands increased the expression of FPRs by
altering the phosphorylation of ERK1/2. In our study,
when rhHMGB1 stimulation was combined with overex-
pression of FPR2, EMT was strengthened, while the
addition of RvD1 reversed this phenomenon. It may com-
petitively bind to the receptor FPR2. The results support the
hypothesis that RvD1 suppresses EMT in NPC via
inhibiting HMGB1, partly by improving the inflammatory
environment, and partly by competitive binding to
receptor FPR2.

In summary, our results indicate that RvD1 suppressed
rhHMGB1-induced EMT, and the protective effect was
achieved by binding to the receptor FPR2 and GPR32.
RvD1 may be a potential therapeutic strategy for NPC.
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