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Aquaporin-3 is down-regulated by LMP1 in nasopharyngeal carcinoma
cells to regulate cell migration and affect EBV latent infection
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Abstract

Epstein-Barr virus (EBV) infection has a strong correlation with the development of nasopharyngeal carcinoma (NPC).
Aquaporin 3 (AQP3), a member of the aquaporin family, plays an important role in tumor development, especially in
epithelial-mesenchymal transition. In this study, the expression of AQP3 in EBV-positive NPC cells was significantly lower
than that in EBV-negative NPC cells. Western blot and gqRT-PCR analysis showed that LMP1 down-regulated the expression
of AQP3 by activating the ERK pathway. Cell biology experiments have confirmed that AQP3 affects the development of
tumor by promoting cell migration and proliferation in NPC cells. In addition, AQP3 can promote the lysis of EBV in EBV-
positive NPC cells. The inhibition of AQP3 expression by EBV through LMP1 may be one of the mechanisms by which

EBV maintains latent infection-induced tumor progression.
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Introduction

Epstein-Barr virus (EBV), a member of the gamma-herpes-
virus family, also known as human herpesvirus-4 (HHV-4),
infects approximately 90% of the global population and is
the first human tumor virus to be identified, with infection
associated with a variety of lymphatic and epithelial cell
cancers, including malignant lymphoma, nasopharyngeal
carcinoma (NPC), and approximately 10% of stomach can-
cers [1, 2]. Among them, the most closely related to EBV
infection is NPC [3]. The incidence of NPC is strongly cor-
related with regions, with higher prevalence in Africa and
Southeast Asia and lower incidence in Western countries
[4]. Among the three NPC (squamous cell carcinoma, non-
keratinized carcinoma, and undifferentiated carcinoma),
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more than 90% of undifferentiated NPC were associated
with EBV infection [5, 6]. EBV-associated tumors have
latency periods of type I, II and III, respectively. EBV from
NPC belongs to type II latency, and the genes expressed are
EBNAI1, LMPI1, LMP2A, LMP2B, EBERs, BART: [2, 7].
Latent membrane protein 1 (LMP1), a member of the
tumor necrosis factor receptor superfamily, is an oncogene
of EBV and is expressed in a variety of malignancies includ-
ing NPC, Hodgkin lymphoma and immunosuppressant
associated lymphoma [8]. It plays an important role in the
occurrence and development of tumors by regulating cell
proliferation, apoptosis, immune regulation, angiogenesis,
metastasis and invasion [9]. LMP1 can activate many signal-
ing pathways, including NF-xB, PI3K-AKT, ERK-MAPK,
JNK, JAK-STAT, and p38/MAPK, and achieve carcino-
genicity through downstream targets of these pathways [10].
Studies have shown that LMP1 induces the expression and
activation of FGFR1 in NPC, promoting aerobic glycoly-
sis of NPC cells. At the same time, LMP1 promotes cell
growth, transformation, migration, and invasion by inducing
FGFRI1 signaling to turn over [11]. LMP1 can also induce
epithelial-mesenchymal transformation (EMT) of NPC
cells through TGF-/Smad3/NRP1 signaling pathway, thus
promoting the migration and invasion of NPC cells [12].
In NPC, the presence of cancer-related fibroblasts around
cancer cells indicates poor prognosis. LMP1 can not only
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recruit and transform fibroblasts through the ERK-MAPK-
dependent mechanism, but also enhance the viability and
aggressiveness of fibroblasts and their ability to transform
into myofibroblast-like phenotypes, thus leading to meta-
static disease [13].

Aquaporins (AQPs) are widely expressed in the body and
can form water channels on the cell membrane to promote
the passive transport of water across the cell membrane
[14]. Studies have found that AQPs is highly expressed in
a variety of tumors and plays an active role in cell migra-
tion, adhesion and polarity, while regulating cell prolifera-
tion, apoptosis and invasion through intercellular signaling
[15]. Among them, AQP3 is a hydroglycerol channel protein
subtype of AQP family, which is mainly expressed in renal
collecting ducts, epidermis, airway epithelium, conjunctiva,
atmospheric ducts and bladder, and can transport water and
other small molecules (such as glycerol and urea) [16, 17].
There has been a strong correlation between AQP3 and the
occurrence and development of tumors [18]. Hara-Chikuma
et al. [19] found that AQP3 can participate in cell migration.
Kusayama et al. [20] showed that AQP3 is highly expressed
in primary squamous cell carcinoma and plays an impor-
tant role in its growth. In gastric cancer, AQP3 induces
EMT through the PI3K/AKT/SNAIL signaling pathway,
thus promoting the migration and invasion of gastric cancer
cells [21]. AQP3 promotes the growth of pancreatic ductal
adenocarcinoma cells by activating the mTOR pathway [22].
Our previous research found that in EBV-associated gastric
cancer (EBVaGC), EBV causes loss of expression by induc-
ing CpG island methylation of the AQP3 promoter [23].
This study investigated whether the expression of AQP3 in
NPC is regulated by EBV and the biological role of AQP3
in NPC.

Materials and methods

GEO database

We downloaded sequencing data from the GEO database
(GSE181906 dataset) for EBV-positive NPC cell lines
(C666-1) and EBV-negative NPC cell lines (CNE-2, SUNE-
1), analyzed differentially expressed genes using the limma
R package, and mapped the volcano. Screening threshold:
ILogFCI> 1.5, P-value <0.05.

Cell culture

EBV-negative (CNE-1, HONE 1, CNE2) and EBV-pos-
itive (C666-1, CNE2-EBV) NPC cells were selected for
this study. CNE-1 was purchased from Xiamen Immocell
Biotechnology, HONE-1 was purchased from BeNa Cul-
ture Collection, and CNE-2 was donated by the Affiliated

Hospital of Qingdao University. C666-1 cells were donated
by the Affiliated Cancer Hospital of Sun Yat-sen Univer-
sity. The EBV-negative NPC cells were cultured in DMEM
(Gibco, USA) supplemented with 10% fetal bovine serum
(TransGen Biotech, China), 100IU /mL penicillin, and 100
mg/mL streptomycin. C666-1 cells were cultured in 1640
supplemented with 10% fetal bovine serum (TransGen
Biotech, China), 100IU /mL penicillin, and 100 mg/mL
streptomycin. All cells were kept in a humidified atmos-
phere at 37 °C with 5% CO,.

Virus preparation and infection

Akata-EBV-GFP cells were treated with 0.8% (v/v) goat
anti-human IgG for 6 h to induce EBV to shift from incu-
bation period to lysis cycle, and then to produce EBV.
After 3 days of culture in fresh medium, the supernatant
was collected by centrifugation at 20,000x g for 30 min at
4 °C. The pellets were resuspended in 10% FBS DMEM
and used for cell-free infection. Infected CNE-2 cells were
sorted by flow cytometry and cultured in medium contain-
ing 300-700 pg/mL G418 until more than 90% of the cells
showed green fluorescence under fluorescence microscopy.

RNA isolation and real-time fluorescence
quantitative PCR (qRT-PCR)

Total RNA was extracted using TRIzol (Invitrogen, USA)
and reverse-transcribed into cDNA using First Strand
cDNA (Takara, Japan). Using the obtained cDNA as tem-
plate, the mRNA transcription level was detected using
the FastStart DNA Master SYBR Green Kit (Roche, Ger-
many) in the Light Cycler 96 sequence detection system.

The results were normalized by p-actin regression, and the
AACt

relative gene expression was measured by 2~ method.
PCR primers are listed below:
Forward Reverse

B-actin CACCATTGGCAA AGGTCTTTGCGG
TGAGCGGTT ATGTCCACGT

AQP3 CATCCTGGTGAT GTGACAGCAAAG
GTTTGGCTG CCAAAGGC

LMP1 CCTTGGTCTACT CAGCACAATTCC
CCTACTGATGAT AAGGTACAATG
CA

EBNAI CAAGGAGGTTCC TGTGGAATAGCA
AACCCGAA AGGGCAGT

BZLF1 AGGCCAGCTAAC TGATTCTGGGTT
TGCCTATC ATGTCGGA
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Western blot analysis

The total protein was obtained by cracking RIPA buffer
mixture (RIPA: PMSF: phosphatase inhibitor, 100:1:1) for
20 min, and the protein was determined by the dicinchonic
acid detection kit (CWBIO, China). The protein extract
was isolated on a 10% or 12% acrylamide SDS-PAGE and
transferred to a polyvinylidene difluoride (PVDF) mem-
brane (Millipore, USA) by a transfer device. Subsequently,
PVDF membrane was sealed with 5% skim milk for 2 h at
room temperature, and incubated with primary antibody
at 4 °C overnight, followed by rabbit or mouse second-
ary antibody coupled with horseradish peroxidase at room
temperature for 2 h. Finally, an enhanced chemilumines-
cence detection system was used to visualize the proteins
of interest. Antibodies used include: anti-p-actin (HUA-
BIO, EM21002, 1:10,000); anti-AQP3 (Abcam, ab125219,
1:1000); anti-ERK (HUABIO, ET1601-29, 1:5000); anti-
p-ERK (CST, #4370, 1:1000); anti-EBNA1 (Santa Cruz,
sc-81581, 1:1000); anti-BZLF1 (Santa Cruz, sc-53904,
1:1000); anti-ZEB1 (Proteintech, 21,544—1-AP, 1:2000);
anti-pB-catenin (Abmart, M24002, 1:3000); anti-vimentin
(CST, #5741, 1:1000); anti-N-cadherin (Abcam, ab76011,
1:1000); anti-snail (Santa Cruz, sc-271977, 1:1000); anti-
LMP1 (Abcam, ab78113, 1:1000).

Transfection with siRNAs targeting LMP1, AQP3
and ERK1/2

The siRNA target sequences for LMP1, AQP3 and ERK1/2
were designed and synthesized by GenePharma (China).
The sequences are as follows: AAGAGCCUUCUCUGU
CCACU for siLMP1, GGCUGUAUUAUGAUGCAA
UTT for siAQP3, GAAACUACCUACAGUCUCUTT for
siMAPK3/ERK1, GUGCUCUGCUUAUGAUAAUTT for
siMAPK1/ERK2. Then 50 nM siRNA was transfected with
Lipofectamine 2000 Reagent. The cells were harvested
48 h later and the expression of related genes was detected.

Overexpression of LMP1 and AQP3

LMP1 and AQP3 were cloned into pcDNA3.1 containing
GFP fluorescent protein coding sequence, respectively.
Plasmid transfection was performed using Lipofectamine
2000 transfection reagent (Invitrogen, China) according to
the manufacturer’s protocol, with a total of 2.5 pg plasmid
DNA per six-well plate. Cells were harvested 48 h later,
or cells selected with G418 were used to construct stable
LMP1-expressing cells, and transfection efficiency was
verified by qRT-PCR or Western blot.
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Detection of EBV DNA copy number

According to the instructions of the DNA extraction kit
(TianGen, China), DNA was extracted from the EBV-pos-
itive NPC cell line C666-1 transfected with AQP3 and its
control plasmid. The EBV specific sequences (EBNA1 and
BamHI-W) were quantitatively analyzed by absolute qRT-
PCR. The number of copies is calculated according to the
standard curve.

Transwell migration assay

A transwell chamber (Corning, USA) with 8 pm holes was
placed into a 24 well plate. 200 pL serum-free DMEM cell
suspension (2.5 X 10* cells) was added to the upper chamber,
and 750 pl DMEM medium containing 20% fetal bovine
serum was added to the lower chamber. After incubating in
the cell incubator for 48 h, it was fixed with methanol for
30 min, then stained with 1% crystal violet and observed and
counted under a microscope.

Wound healing test

After the treated cells in the six-well plate grow and fuse, the
confluent cell layer is scraped with the autoclaved medium
gun tip to form a linear wound. The cells were washed twice
with PBS to remove the shed cell debris. The size of the
wound at the same location is then monitored and measured
at a specified time (0 h, 48 h).

CCK-8 determination

Cell growth was measured using the CCK-8 kit (TargetMol,
USA) according to the instructions. The 96-well plates were
inoculated with 2500 cells per well and cultured in a speci-
fied medium with 6 repeat wells per sample. According to
the manufacturer's plan, 10 pl CCK-8 (the ratio of CCK-8
to medium was 1:9) was added at 0, 24, 48, 72, 96 h, and
incubated at 37 °C for 1-4 h to detect the absorbance value
of each hole at 450 nm wavelength. All experiments were
performed 3 times.

Colony formation experiment

The treated cells (300 cells/well) were inoculated into a six-
well plate and cultured for 2—-3 weeks. Fixed with metha-
nol for 15 min and dyed with 1% crystal violet for 15 min.
Finally, the number of colonies was quantified. All experi-
ments were performed 3 times.
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Statistical analysis

Data were analyzed using independent sample Student’s t
test (p <0.05 was considered significant; ns, no significant;
*p<0.05, ¥*¥p <0.01, ***p <0.001). Statistical analysis was
performed using SPSS 19.0 statistical Software (SPSS, Chi-
cago, IL) and GraphPad Prism 8.0 (GraphPad Software, La
Jolla, CA, USA). All data are expressed as mean standard
error (SEM). All experiments were repeated at least 3 times.

Results

The expression of AQP3 in EBV-positive NPC cells
is much lower than that in EBV-negative NPC cells

By analyzing the sequencing data of EBV-positive and
EBV-negative NPC cell lines in GEO database, it was

found that the expression of AQP3 in EBV-positive NPC
cells was significantly lower than EBV-negative NPC cells
(Fig. 1a). Therefore, to determine the expression and role
of AQP3 in EBV-negative and EBV-positive nasopharyn-
geal carcinoma cells, we established EBV-infected naso-
pharyngeal carcinoma cell lines with CNE-2 cells and
screened them with G418 until more than 90% of the cells
showed green fluorescence under fluorescence microscopy
(Fig. 1b), as described above [24]. Subsequently, western
blot and qRT-PCR were used to analyze the expression
levels of AQP3 in EBV-negative nasopharyngeal carci-
noma cell line CNE-2 and EBV-positive nasopharyngeal
carcinoma cell line CNE-2-EBV. The expression of AQP3
in EBV-positive nasopharyngeal carcinoma cells was sig-
nificantly lower than that in EBV-negative nasopharyngeal
carcinoma cells at both protein and mRNA levels (Fig. 1c,
d).
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Fig. 1 Differential expression of AQP3 in EBV-negative and EBV-
positive NPC cells a The expression of AQP3 in EBV-negative NPC
cells CNE-2, SUNE-1 and EBV-positive NPC cells C666-1 was ana-
lyzed by bioinformatics. b EBV-infected CNE-2-EBV cell lines have
been established, and green fluorescence is the signal that green fluo-
rescent protein is excited under blue light when cells are successfully

infected. ¢ Results of AQP3 and LMP1 western blotting in CNE-2
and CNE-2-EBV cells. d The mRNA expression of AQP3 in CNE-2
and CNE-2-EBV cells was calculated by comparing the cycle thresh-
old (Ct) value (2722 and B-actin as the internal standard. All results
represent three independent experiments. (***p <0.001; **p <0.01;
*p<0.05)
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LMP1 down-regulates the expression of AQP3

To determine the cause of AQP3 downregulation caused
by EBV infection, we overexpressed LMP1 and its control
plasmid in EBV-negative NPC cells (CNE-1 and HONE-
1), and established stable overexpressed cell lines (Fig. 2a).
Meanwhile, Western blot and qRT-PCR were used to detect
the expression of LMP1 and AQP3 at the protein level and
transcription level (Fig. 2b-e). It was found that compared
with the control group, the expression of AQP3 in CNE-
LMP1 and HONE-LMP1 cells with stable overexpression
of LMP1 was inhibited. In addition, after LMP1 knockdown
in C666-1 cells, the expression of AQP3 protein level and
mRNA level were increased (Fig. 2f, g). This suggests that
LMP1 can inhibit AQP3 expression.

a b
CNE-1 CNE-1 .
o {
= LMP1 B
= AQP3 [
< R
§ LMP1 -
o -
S B-actin | Sem— s—
o
% C
k= HONE-1
o &
2
= 3
AP [
HONE-1 LMP1 -
B-actin ’ —— — ‘
= -y ==
°
-
<
3 f
8 C666-1
o] N
3 {
. S
() ()
.'5" AQP3 i
-
2 ver
= B-actin — —

Fig.2 EBV encoding product LMP1 down-regulates the expression
of AQP3. a Stable transfection efficiency of LMP1 plasmid by CNE-1
and HONE-1 cells. Green fluorescence is the signal that green fluo-
rescent protein is excited under blue light when plasmid transfection
is successful. b, ¢ After overexpression of LMP1, AQP3 protein lev-
els in CNE-1 and HONE 1 cells were detected by Western blot. d,
e Compared the period threshold (Ct) value (2724 and B-actin as
internal standard to calculate the mRNA level of AQP3 in cells after
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LMP1 regulates AQP3 expression through the ERK
signaling pathway

In order to clarify the regulatory mechanism of LMP1
downregulation of AQP3, we detected the expression lev-
els of ERK pathway related proteins ERK and p-ERK in
CNE-LMP1 and HONE-LMP1. It was found that the pro-
tein expression level of p-ERK was significantly higher
than that of the control group (Fig. 3a, b). In addition,
after treating CNE-1 and HONE-1 with the ERK path-
way inhibitor PD-0325901 at a concentration of 10 pM
for 24 h, Western blot results showed that the ERK path-
way was effectively inhibited and the expression of AQP3
was significantly increased (Fig. 3c, d). At the same time,
the results showed that the expression of AQP3 increased
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Fig.3 LMP1 regulates AQP3 expression via the ERK pathway. a,
b Protein levels of ERK and p-ERK in cells after overexpression
of LMP1 detected by Western blot. ¢, d CNE-1 and HONE-1 were
treated with the ERK pathway inhibitor PD-0325901 at 10 pM con-
centration for 24 h, and the changes of p-ERK/AQP3 protein levels
were detected by Western blot. e, f The expression of AQP3 was
detected by Western blot after interference of ERK1/2 with siERK1

with the decrease of ERK1/2 after knockdown ERK1
and ERK2 in CNE-1 and HONE-1 by siRNAs (Fig. 3e,
f). After knocking down LMP1 with siRNA in C666-1,
it was found that compared with the control group, the
expression of AQP3 increased and the expression level
of p-ERK protein decreased (Fig. 3g). After that, we also
used siRNA to knock down ERK1 and ERK2 in CNE-
1-LMP1 and HONE-1-LMP1 respectively in the case of
LMP1 expression, and found that the expression of AQP3
was also elevated (Fig. 3h, i). These results suggest that
the inhibitory effect of LMP1 on AQP3 is achieved by
activating the ERK pathway.

and siERK2. g After interfering with LMP1, the expression of ERK
and p-ERK in C666-1 was detected by Western blot. h, i In CNE-1-
LMP1 and HONE-1-LMP1, the expression of AQP3 was detected by
Western blot after interference of ERK1/2 with siERK1 and siERK2.
The results were normalized using f$-actin. All results represent three
independent experiments. (***p <0.001; **p <0.01; *p <0.05)

EBV infection affects the proliferation and migration
of NPC cells

EBYV infection plays an important role in the occurrence and
development of NPC. Therefore, we detected the prolifera-
tion ability of CNE-2 and CNE2-EBV cells through CCK-8
proliferation experiment and colony formation experiment,
and found that CNE2-EBV had stronger proliferation ability
than CNE-2 (Fig. 4a,b). Meanwhile, Western blot analysis
showed that the expressions of EMT-related genes vimentin
and ZEB1 in CNE2-EBV were higher than those in CNE-2,
while the expressions of snail and N-cadherin showed no
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Fig.4 EBV promotes proliferation, EMT and migration of NPC cells.
a, b The effect of EBV on cell proliferation was detected by CCK-8
and colony formation assay. ¢ Western blot analysis of vimentin,
ZEB1, snail and N-cadherin protein levels in CNE-2 and CNE2-
EBV cells. The results were normalized using f-actin. (d, e) The

significant differences (Fig. 4c). The transwell experiment
and Wound healing experiments showed that the migration
capacity of CNE-2-EBV was significantly higher than that of
CNE-2 (Fig. 4d, e). Therefore, we believe that EBV infection
can enhance the proliferation of NPC cells and promote the
migration of NPC cells through EMT.

AQP3 affects the migration of NPC cells
It has been reported that AQP3 can promote EMT in cells,

so we used siRNA to interfere the expression of AQP3
in CNE-1 and HONE-1. Western blot analysis showed
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effect of EBV on cell migration was evaluated by transwell migration
test and wound healing test, and microscope images were obtained
after 48 h (100 x). All results represent three separate experiments.
(***p <0.001; **p <0.01; *p <0.05)

that inhibition of AQP3 expression resulted in decreased
expression of EMT related proteins ZEB1, snail, vimen-
tin and N-cadherin, while the expression of EMT-related
proteins ZEB1, snail, vimentin, and N-cadherin was sig-
nificantly increased after overexpression of AQP3 in EBV-
positive NPC cells C666-1 (Fig. 5a, b, c).

The corresponding transwell experiment showed that
significantly fewer cells passed through the transwell
chamber after knocking down AQP3 compared to the
control group. Wound healing experiments also showed
that cell migration ability was significantly reduced after
interference with AQP3 (Fig. 5d, e).
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Fig.5 AQP3 promotes EMT and migration of cells. a, b Western
blot analysis of vimentin, ZEB1, N-cadherin, snail and AQP3 pro-
tein levels in CNE-1 and HONE-1 cells after interference with AQP3.
The results were normalized using p-actin. ¢ Western blot analysis
of vimentin, ZEB1, N-cadherin, snail and AQP3 protein levels after

AQP3 affects the growth of NPC cells

In addition, after the expression of AQP3 was knocked
down, the proliferation capacities of the cells at 24 h, 48 h,

AQP3 overexpression in C666-1. The results were normalized using
B-actin. d, e The effect of AQP3 on cell migration was assessed using
transwell migration tests and wound healing tests, and microscopic
images were obtained after 48 h (100 x). All results represent three
independent experiments. (¥***p <0.001; **p <0.01; *p <0.05)

72 h and 96 h were analyzed by CCK-8 method and cell
growth curves were plotted. Cells treated with AQP3 siRNA
were found to have lower OD values at 72 h and 96 h com-
pared to controls (Fig. 6a, b). Similarly, colony formation
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experiments were performed after knockdown of AQP3 to
evaluate its effect on EBV-negative NPC cell growth. Fewer
colonies were formed after knockdown of AQP3 compared
to the control group. These results suggest that AQP3 can
promote the proliferation of NPC cells (Fig. 6¢, d).

AQP3 promotes lysis of EBV

Based on the biological characteristics of AQP3 and its
expression in EBV-negative and EBV-positive NPC cells, we
further investigated its influence on the latent and lytic state
of EBV. After overexpression of AQP3 in C666-1, west-
ern blot results showed that the expression of lytic protein
BZLFI increased in C666-1-AQP3, while the expression of
latent protein EBNA1 decreased (Fig. 7a). At the same time,
the effects of AQP3 on EBNA1 and BZLF1 were detected by
qRT-PCR at the transcription level, and the similar results
were obtained (Fig. 7b). In addition, we also detected the
DNA copy number of EBV encoding gene in C666-1-AQP3,
and found that the DNA copy number of EBV increased
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significantly after overexpression of AQP3, indicating that
AQP3 can promote the lytic replication of EBV (Fig. 7c).

Discussion

Cancer poses a serious threat to human health and has
become one of the leading causes of death worldwide [25].
As a multi-factorial disease, cancer has a complex patho-
genesis, and its possible pathogenic factors include smok-
ing, drinking, unhealthy eating habits, genome mutations,
genetic factors and infectious agents [26]. Among them,
EBYV, as the first tumorigenic virus discovered, has been
widely concerned about its carcinogenic effect on related
tumors, but the detailed mechanism of EBV on tumorigen-
esis and development remains to be further studied. Our pre-
vious studies found that AQP3 expression was much lower in
EBV-associated gastric cancer than in non-EBV-associated
gastric cancer [27]. In this study, through bioinformatics
analysis, we found that AQP3 expression in NPC was also
significantly correlated with EBV infection. The expression
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of AQP3 in EBV-positive NPC cells is significantly lower
than that in EBV-negative NPC, but the mechanism of regu-
lation by EBV remains unclear. Wang et al. [23] reported
that the low expression of AQP3 in EBVaGC was caused by
hypermethylation of its promoter. However, in NPCs, we
found that the low expression of AQP3 was not related to
methylation (data not shown), but was regulated by the EBV-
encoded product LMP1.

EBV, as the earliest tumor-associated virus, plays a
very important role in the occurrence and development of
tumors. Our study also proves that latent infection of EBV
can promote the proliferation and migration of tumor cells.
As a major oncogene encoded by EBV, LMP1 can activate
a variety of signaling pathways including NF-xB, PI3K-
AKT, ERK-MAPK, etc., and play a role in cell growth, inva-
sion and EMT [28]. Kung et al. [29] proposed that LMP1
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**p<0.01; *p<0.05)

activates EGFR, STAT3 and ERK pathways under the action
of PKCS through its carboxy-terminal activation domain 1
(LMPI1-CTAR1). LMPI can promote epithelial cell migra-
tion and invasion through the ERK-MAPK pathway to real-
ize its carcinogenic properties [30]. Extracellular vesicles
containing LMP1 secreted by cells can activate the ERK,
AKT and NF-xB signaling pathways and enhance the adhe-
sion, proliferation, migration, and invasion of recipient cells
[31].

In addition, studies have also shown that LMP1 can
affect the occurrence and development of tumors by
inhibiting the expression of certain oncogenes. In NPC,
Du et al. [32] found that LMP1 and LMP2A could up-
regulate miR-155, resulting in decreased expression of its
target gene JMJD1A, and the decrease of IMJD1A was
significantly correlated with lower 5 years overall survival
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and 5 years disease-free survival in NPC patients. These
findings suggest that miR-155 and JIMJD1A have potential
as therapeutic targets for NPC. In EBVaGC, LMP1 up-
regulates miR-146a to target and inhibit the expression
of chemokine receptor 4 (CXCR4), thereby inhibiting the
proliferation and migration of tumor cells and promoting
the apoptosis of tumor cells [33]. In Burkitt lymphoma,
LMP1 down-regulates the oncogene TCL1 via miR-29b,
which may be the basis of its B-cell lymphoma growth
antagonistic properties [34]. After infection with EBV in
primary B cells, LMP1 mediates the activation of NF-xB
and exerts an inhibitory effect on the TLR9 promoter,
thereby inhibiting the expression of TLRY in B cells to
suppress the host immune response [35]. In conclusion,
EBYV, as an important tumorigenic virus, can promote
the occurrence and development of related tumors, but
its coding genes, such as LMP1, can target certain host
oncogenes to achieve immune escape and maintain latent
infection.

AQP3 is a aquaporin responsible for transporting water
and other small molecules including glycerol and urea, and
is also involved in a variety of signal transduction pathways
in cancer cells [36]. Our study found that ERK can inhibit
the expression of AQP3 in NPC cells, while previous studies
in our lab have found that AQP3 can activate the ERK path-
way in gastric cancer cells [27]. We hypothesize that there is
a homeostasis between them, and it is this homeostasis that
keeps the expression levels of AQP3 and ERK in NPC cells
at reasonable levels. However, at the moment this is only a
hypothesis and needs to be further proved by subsequent
relevant studies. A large number of studies have reported
that AQP3 plays a very important role in the occurrence
and development of various cancers. In human urothelial
carcinoma, the expression of AQP3 is related to the grade
and stage of the tumor [37]. In pancreatic ductal adenocar-
cinoma, after silencing AQP3 and AQPS5, cell membrane
fluidity increases and cell migration ability decreases [38].
AQP3 can also promote cisplatin resistance in gastric cancer
cells through autophagy [39]. In gastric cancer cells, c-Met
promotes the expression of AQP3 through the ERK signal-
ing pathway, and the migration and proliferation of gastric
cancer cells are significantly inhibited after the knockdown
of AQP3 expression [40]. At the same time, there are other
studies of the link between other members of the aquaporin
family and viruses. Sakurai et al. [41] found that HCV infec-
tion down-regulates the expression of miR-27b-targeted
AQP11, which leads to a decrease in HCV genome copy
number in cells. In addition, in human sperm, HPV infection
can inhibit the expression and function of AQP8 and may
promote the sensitivity of sperm cells to oxidative stress
[42]. In this paper, we found that the migration ability and
proliferation ability of cells were down-regulated after inter-
ference with AQP3.
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EBV has a bidirectional life cycle of incubation and
lysis [43], and after infecting B cells and epithelial cells of
the host oropharynx, persistent infection is established in
memory B cells. In epithelial cells, EBV often undergoes
lytic replication, while in B cells, it can establish lifelong
latent infection through occasional reactivation [44]. The
presence of viruses and occasional reactivation can increase
the risk of malignant transformation of cells [45]. It has been
proved that all EBV-related malignancies are composed of
latent cells, but due to the lack of suitable animal models, the
role of lytic viral infection in EBV-positive tumors remains
unclear [46]. If effective artificially induced lytic replica-
tion can be achieved, oncolytic therapy of EBV-associated
tumors may be achieved, and the reactivation of EBV from
latency depends on the expression of BZLF [47]. Some stud-
ies suggest that LMP1-mediated antiviral effects may con-
tribute to the establishment or maintenance of EBV latency
[48].

Our study found that after AQP3 was overexpressed in
C666-1, the expression of BZLF1 was increased and the
expression of EBNA1 was decreased, which promoted the
NPC cells to enter the lytic phase. However, how AQP3
regulates EBV to enter the cleavage state still needs to be
further elucidated. Our previous studies have shown that
MUSS8I1 expression in EBVaGC is much lower than in EBV-
negative GC, and that overexpression of MUS81 in EBVaGC
cells inhibits EBNA1 expression [49]. In lymphoma, KSHV
infection upregulates the expression of PLK1, and lytic
infection of KSHYV is thus inhibited. Similar effects are also
seen in EBV with similar latency and lytic replication [50].
Therefore, we suggest that this inhibition of viral lysis may
be a potential tumorigenic mechanism of EBV.

Conclusion

This study revealed that AQP3 expression was significantly
reduced in EBV-positive NPC cells compared with EBV-
negative NPC cells, and LMP1 inhibited AQP3 expression
by activating ERK signaling. At the same time, AQP3 can
also promote the proliferation and migration of NPC cells.
In addition, AQP3 can promote the expression of BZLF1
and enable EBV to enter the lysis phase. Therefore, EBV in
NPC cell C666-1 with low expression of AQP3 maintains
its latent state, which may be the possible cause of carcino-
genesis of EBV in NPC.
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