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Abstract The HLA-I antigen processing machinery
(APM) plays a crucial role in the anticancer immune
response. The loss of surface expression of HLA-I
molecules is particularly important as this enables
tumor cells to evade recognition and lysis by cytotoxic
T-lymphocytes. Transcriptional control of the APM
genes is regulated by the nuclear factor kappa B (NF-
kB). BCRFI is an Epstein—Barr virus homologue of
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human IL-10 (hIL-10) and is known as viral IL-10
(vIL-10). vIL-10 shares many immunosuppressive
effects with hIL-10 but lacks the immunostimulatory
effect of hIL-10. The aim of this study was to assess
whether vIL-10 inhibits APM components (TAP-1,
TAP-2, LMP-2, LMP-7 and HLA-I) through the NF-
kB signaling pathway in nasopharyngeal carcinoma.
This work demonstrated that vIL-10 inhibited NF-xB
activation by blocking IKK phosphorylation and
promoting the expression of IKB. TNF-a treatment
led to a strong translocation of NF-kB p65, whereas
pretreatment with vIL-10 before TNF-o treatment
blocked NF-kB p65 translocation. vIL-10 also inhib-
ited TNF-a-induced DNA-binding of NF-xB p65 in
the nucleus. Furthermore, chromatin immunoprecipi-
tation analysis demonstrated that NF-xB p65 could
bind to the TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I
gene promoters, and after TNF-o stimulation, the
down-regulation of TAP-1, TAP-2, LMP-2, LMP-7
and HLA-I transcription by vIL-10 correlated with the
suppression of NF-kB in CNE-2 cells. Surprisingly,
vIL-10 inhibits only TAP-1 and LMP-7 transcription
in CNE-1 cells. Taken together, these results suggest
that the inhibition of NF-kB activity may be an
important mechanism for vIL-10 suppression of APM
(TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I) gene
transcription in CNE-2 cells.

Keywords Nasopharyngeal neoplasms - Nuclear

factor Kappa B (NF-xB) - Viral interleukin-10
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Introduction

Both viruses and tumors evade cytotoxic T lympho-
cyte-mediated host immunity by down-regulation of
antigen presentation machineries. This effect can be
achieved by either down-regulation of the transcription
of antigen presentation genes or posttranslational
inactivation of proteins involved in antigen presenta-
tion (Yang et al. 2003). Optimal cell surface expression
of HLA molecules requires the coordinated expression
of several genes, such as transporters associated with
antigen processing (TAP)-1/2, low molecular weight
peptide (LMP)-2/7, and tapasin, as well as HLA class I
heavy chain and B,-microglobulin (f,M). In cases of
both tumorigenesis and viral infection, the expression
of these genes and the function of the encoded proteins
are often impaired. Latent EBV infections are associ-
ated with lymphocyte and epithelial cell malignancies.
Nasopharyngeal carcinoma (NPC) is the most frequent
EBV-associated malignancy (Vujanovic et al. 2003).
Current research is focused on how NPC escapes from
EBV-specific immune destruction and developing
novel strategies for immune intervention.

Human interleukin-10 (hIL-10) is mainly produced
by activated lymphocytes, monocytes/macrophages,
and other cell types (Takayama et al. 2003). hIL-10
inhibits macrophage and dendritic cell function and
cytokine synthesis by activated T cells and NK cells by
blocking the ability of such cells to act as antigen-
presenting or costimulatory cells (Liu 2003). IL-10
can also exhibit T cell stimulatory properties, includ-
ing enhancing thymocyte proliferation and CD8" T
cell generation, and exacerbating organ allograft
rejection and graft-vs-host disease. The EBV homo-
logue BCRFI (vIL-10) is approximately 85 % identi-
cal with hIL-10, with most differences found in the
20 N-terminal amino acids, and is expressed as a
17 kDa non-glycosylated polypeptide. vIL-10 shares
many of the anti-inflammatory properties ascribed to
mammalian IL-10 but lacks the immunostimulatory
properties, such as augmentation of CTL proliferation
and B cell expansion, and can induce local anergy to
syngeneic or allogeneic tumors.

Previous studies have demonstrated that the down-
regulation of TAP-1, TAP-2, LMP-2, LMP-7 and
HLA-I in NPC induced immunosuppression (Ren
et al. 2003). In vitro, vIL-10 can down-regulate the
expression of TAP-1, TAP-2, LMP-2, LMP-7 and
HLA-I in CNE-2 cells (data is not shown). The
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expression of TAP-1, TAP-2, LMP-2, LMP-7 and
HLA-I involves the activation of NF-xB and its
recruitment to the promoter elements proximal to the
gene transcription start sites (Moschonas et al. 2003;
Molinero et al. 2004).

The NF-kB proteins in mammalian cells consist of
five members: p50, p52, p65, c-Rel, and RelB. These
proteins form homodimers or heterodimers with other
family members and positively regulate a number of
cellular genes. NF-kB dimers are sequestered in the
cytoplasm in an inactive form by association with an
inhibitory IkB subunit. Following cellular activation,
multiple kinase cascades lead to serine phosphoryla-
tion of IkB by IkB kinases (IKKs) and proteosome-
mediated degradation, resulting in the release of an
active NF-kB complex that translocates to the nucleus.
In the nucleus, NF-kB transactivates genes containing
specific consensus sequences in their transcriptional
regulatory regions (Portis et al. 2001).

IL-10 inhibits the activation of NF-xB (Wang et al.
1995) and its nuclear localization (Lentsch et al.
1997), and induces IkB protein production (Driessler
et al. 2004). Therefore, IL-10 can influence NF-xB
down-stream gene transcription. Our data presented
here provide evidence that vIL-10 can inhibit the
activation, nuclear translocation and the DNA-binding
affinity of NF-xB p65, and then inhibit the transcrip-
tion of NF-«B targeted genes TAP-1, TAP-2, LMP-2,
LMP-7 and HLA-I, down-regulating antigen
presentation.

Materials and methods
Cell culture and treatment

CNE-1 (a gift from the SUN YAT-SEN University
Cancer Center, Guangzhou, Guangdong Province) and
CNE-2 (purchased from the experimental center of the
XiangYa School of Medicine, Changsha, Hunan
Province) are well-differentiated human NPC cell
lines. The cells were cultured in RPMI-1640 medium
(Sigma-Aldrich, St. Louis, MO, USA) containing
10 % fetal bovine serum (FBS) (Sigma-Aldrich), 100
U/ml penicillin and 100 pg/ml streptomycin. The cells
were cultured at 37 °C in a humidified 5 % CO,
incubator. Cells in logarithmic growth phase were
used in all of the experiments. Prior to treatment, cells
were seeded in serum free medium overnight.
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Western blot analysis

Cells were lysed on ice in 200 pul RIPA (Solarbio,
Beijing, China) containing 1 mM phenylmethylsul-
fonyl fluoride (PMSF) (Sigma) for 30 min and then
centrifuged at 12,000x g for 10 min. The supernatant
was collected as whole cell lysates. Protein concen-
tration was determined by BCA Assay Reagent
(Beyotime, Haimen, China). In total, 50 pg of the
protein from various cell preparations and rainbow
molecular weight markers (GE Healthcare Bio-
Sciences, Pittsburgh, PA, USA) were separated on
SDS polyacrylamide gels (reducing condition, 60 V in
stacking gel for 20 min and 120 V in separating gel for
1 h) and then electrotransferred onto a nitrocellulose
membrane (200 mA for 2 h). The membranes were
blocked with buffer containing 5 % non-fat milk in
PBS with 0.05 % Tween-20 (PBST) for 2 h, and then
incubated with different primary antibodies overnight
at 4 °C. After a second wash, the membranes were
incubated with goat anti-rabbit (Cell Signaling,
Shanghai, China) or goat anti-mouse (Cell Signaling)
horseradish peroxidase-conjugated secondary anti-
bodies for 1 h at room temperature and developed
with the enhanced chemiluminescence detection kit.
The following antibodies were used for Western blot
analysis: rabbit NF-xkB p65 polyclonal antibody,
rabbit phospho-NF-xB p65 polyclonal antibody, rab-
bit anti-IKKa polyclonal antibody, rabbit anti-IKK(
polyclonal antibody, rabbit phospho-IKKa/3 poly-
clonal antibody, and mouse anti-phospho-IKKa poly-
clonal antibody (Cell Signaling). Generally, the
primary antibodies were diluted in PBST by 1:1000
and the secondary antibodies (HRP conjugated goat
anti rabbit or goat anti mouse antibodies (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA).) at
1:5000.

Indirect immunofluorescence assays

Cells were fixed with 4 % p-formaldehyde for 20 min,
permeabilized with PBS containing 0.1 % triton for
20 min and blocked with 1 % BSA. Indirect
immunofluorescence was performed using 1/100
dilutions of the following primary antibody: rabbit
polyclonal IgG anti-NF-xB p65 antibody (Cell Sig-
naling) overnight. Then, incubation was followed by a
subsequent incubation with a FITC-labeled secondary
sheep anti-rabbit antibody (Beckman Coulter, Brea,

CA, USA). The subcellular distribution of these
proteins was monitored by confocal microscopy using
an Olympus (Tokyo, Japan) Fluoview 1100 micro-
scope. Image analyses for co-immunolocalization
were performed using the colocalization threshold
plug-in of the Image-J program.

Electrophoretic mobility shift assay (EMSA)

An NF-kB EMSA was performed according to the
manufacturer’s instructions (Beyotime). Briefly,
1 x 10° cells were washed in ice-cold phosphate-
buffered saline, and the nuclear protein was extracted
with the Nuclear and Cytoplasmic Protein Extraction
Kit (Beyotime). Protein concentration was determined
using the BCA Assay Reagent. A NF-xB consensus
oligonucleotide (5'-AGT TGA GGG GAC TTT CCC
AGG C-3/, 3'-TCA ACT CCC CTG AAA GGG TCC
G-5') was labeled with biotin-binding reactions con-
taining 10 pl extract protein, 4 pl nuclease-free water,
4 ul EMSA/Gel-Shift buffer and 2 pl labeled probe
for 2 h at 20 °C. Complexes were resolved on a 4 %
polyacrylamide gel for electrophoresis and transferred
to nitrocellulose membranes. The membranes were
exposed to an ultraviolet lamp for 30 min and then
developed on film.

Chromatin immunoprecipitation (ChIP) assays

ChIP experiments were performed in CNE-1/2 cells
using the ChIP assay kit (Millipore, Billerica, MA,
USA) (Erlejman et al. 2014). Briefly, proteins and
DNA were cross-linked after CNE-1/2 cells were
treated with 1 % formaldehyde for 10 min at 37 °C
and neutralized with glycine added at a final concen-
tration of 0.125 M. Cells were rinsed twice with cold
PBS containing 2.5 ml Protease Inhibitor cocktail II
(Abcam, Cambridge, MA, USA), scraped, and cen-
trifuged at 7200xg for 5 min at 4 °C. Cells were
washed with PBS and homogenized in SDS lysis
buffer containing Inhibitor cocktail II. Chromatin was
fragmented into 200-300 bp fragments by sonication,
and the lysates were centrifuged at 2500 x g for 10 min
at 4 °C. The supernatants were mixed with 600 pl
preheating Enzymatic Cocktail and heated for 10 min
at 37 °C before EZ-Zyme stop buffer was added to the
mixture, which was then incubated for 10 min over an
ice-bath. The mixture was centrifuged at 12,000 x g for
15 min at 4 °C, and the supernatants were collected.
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Immunoprecipitation was performed overnight at
4 °C. Samples were incubated with protein-G agarose
for 1 h, and the immune complexes were collected by
centrifugation (5000xg for 10 min at 4 °C), washed
and extracted with eluant (10 ul 20 %SDS, 20 ul 1 M
NaHCO3, 170 pl ddH,O). The cross-linking was
reversed by heating with 5 M NaCl at 65 °C for 4 h.
Chromatin-associated proteins were digested with
proteinase K, and the samples were extracted with
phenol/chloroform, followed by precipitation with
ethanol. The pellets were lysed in nuclease-free water
and subjected to polymerase chain reaction (PCR); the
primer sequences were: glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) forward: 5'-TACTAGCGG
TTTTACGGGCG-3/, reverse: 5'-TCG-AACAGGAG
GAGCAGAGAGCGA-3'; TAP-1 forward: 5-GGCA
GACTCAGTTC-CTCTCAC-3, reverse: 5'-CAGAA
CGGGTTGGGGATCAA-3'; TAP-2 forward: 5'-GG
CCTGTACAGTGCGAACC-3, reverse: 5'-GTCTCT
CCCAACCTCGCTAC-3’; LMP-2 forward: 5'-CCA
CTTGCACCAGTTTTCCC-3/, reverse: 5'-AGAT
CTG-CCCCGAGACAAGT-3’; LMP-7 forward: 5'-T
GGGAAACGTTGGTGTCCTT-3, reverse: 5'-GG
AAAGACATCGGACCGTCA-3’; HLA-I forward:
5'-CACAAGAC-CGAGGTGGAGAC-3/, reverse: 5'-
GTTCCCACCACACTGTCACT-3'. The PCR condi-
tions were as follows: 94 °C for 3 min, and then 28
cycles of 94 °C for 30 s, 55 °C for 30 s, and 72 °C for
30 s, and finally 72 °C for 5 min.

Reverse transcription PCR

RNA extraction and first-strand cDNA synthesis were
performed according to the manufacturer’s instruc-
tions (Takara, Dalian, China). For semi-quantitative
RT-PCR and real-time PCR, the primers used were as
follows: the primers for TAP-1 (163 bp product) were
5'-GCAGCCTATTTAGGTTCGGGA-3'  (forward)
and 5-ATAGATCCCGTCACCCACGA-3' (reverse),
for TAP-2 (158 bp product) were 5'-GCGGGAC
AGAAACAACGTCT-3' (forward) and 5'-TGAGC
AATCACCAGCACTGT-3' (reverse), for LMP-2
(105 bp product) were 5'-GGCGTTGTGATGGG
TTCTGA-3' (forward) and 5-GAGTGCACAGTAG
ATGCGCT-3’ (reverse), for LMP-7 (166 bp product)
were 5'-CCTCACAACTCACCACCTCG-3’ (forward)
and 5'-GGCCTCATCTACCCAGCAAC-3' (reverse);
and for -actin HLA-I (179 bp product) were 5'-CC
ACTCACAGACTGACCGAG-3’ (forward) and 5'-C
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CTCGTTCAGGGCGATGTAA-3' (reverse); and for
B-actin (163 bp product) were 5'-CTCACCATGGA
TGATGATATCGC-3' (forward) and 5'-AGGAATC
CTTCTGACCCATGC-3' (reverse). After RT-PCR,
the amplicons were electrophoresed in 2 % agarose
gels, stained by ethidium bromide and viewed under
ultraviolet illumination.

Statistical analysis

All data are presented as the means £ SEMs. Two-
sample comparisons were performed using Student’s
t-tests.

Results

vIL-10 inhibits NF-kB-dependent transcription
in CNE-1 and CNE-2 cells

Cultured CNE-1/2 cells were incubated with vIL-10 at
different concentrations for 2 h and then incubated
with 15 ng/ml TNF-o for 30 min (Wang et al. 1995).
NF-kB p-p65, which is the activated form of NF-xB
p65, was examined by Western blot analysis. vIL-10
inhibited TNF-a-induced NF-kB p-p65 expression in
a dose-dependent manner in CNE-1 and CNE-2 cells
(Fig. 1a, ¢ and b, d). The NF-xB inhibitor IxB
interacts and sequesters p65, among other proteins of
the NF-xB complex, in the cytoplasm, preventing its
nuclear translocation and the transcription of target
genes. The degradation of IxB is necessary for the
translocation of NF-«B to the nucleus and subsequent
binding to DNA. IKK plays a role in the phosphory-
lation and degradation of IkB (Clarke et al. 1998;
Hovsepian et al. 2013). We next examined kB and the
phosphorylation of IKKa/f in these cells by Western
blot analysis. Figure la, c and b, d demonstrated that
vIL-10 significantly inhibited IKK phosphorylation
and promoted the expression of IKB. These findings
suggest that vIL-10 may have an inhibitory role in NF-
kB signaling pathways.

vIL-10 inhibits NF-kB nuclear translocation
in CNE-1 and CNE-2 cells

In most cells, NF-xB transcription complexes are
present in a latent, inactive state in the cytoplasm
where they are bound to IkB (inhibitory kB). Many
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Fig. 1 The activity changes of the NF-kB signaling pathway in
NPC cells after treatment with vIL-10. a The CNE-1 cells were
treated with TNF-o (15 ng/ml) for 30 min or untreated (—).
Alternatively, the cells were treated with vIL-10 for 2 h (pre2)
before TNF-a treatment. The cells were lysed for Western blot

stimuli can rapidly activate NF-xB complexes by
freeing them from their inhibitor and enabling them to
translocate into the nucleus. The most common form
of NF-xB is a heterodimer of p65/p50, and the
expression of most NF-kB-regulated genes is acti-
vated by p65, whereas p50 modulates the expression
levels (Naschberger et al. 2004). We hypothesized that
NF-«B nuclear translocation could be modulated by
vIL-10.

To test that premise, we divided cells into three
groups: cells without treatment (control group), cells
treated with TNF-a, and cells treated with TNF-o and
vIL-10. After the cells were treated with TNF-a or
TNF-o and vIL-10, the nuclear localization of NF-xB
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analysis as described in the “Materials and methods” sec-
tion. b CNE-2 cells were treated in the same manner as a, and the
results are presented. ¢ The results in a were semi-quantified by
ImageJ. d The results in b were semi-quantified by ImageJ

p65 was analyzed by confocal microscopy. In the
control group, NF-«kB p65 stayed in the cytoplasm of
CNE-1 and CNE-2 cells, and significant nuclear
accumulation was not observed (Fig. 2a, b, first line)
while NF-xB p65 was significantly activated (white
arrow) and accumulated in the nucleus (red arrow)
after 30 min of stimulation with 15 ng/ml TNF-o
(Fig. 2a, b, middle line). Meanwhile, vIL-10 affected
the nuclear import rate of NF-xB p65 stimulated by
TNF-o. The cells were incubated with 50 ng/ml vIL-
10 for 2 hthen 15 ng/ml TNF-a was added for 30 min.
The nuclear translocation of NF-kB p65 decreased
compared to cells stimulated by TNF-o only (yellow
arrows, Fig. 2a, b, lower line). This observation
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Fig. 2 vIL-10 influences NF-kB p65 nuclear translocation
stimulated by TNF-a.. CNE-1 (a) or CNE-2 (b) cells were treated
with TNF-a for 30 min, or alternatively pre-treated with vIL-10
for 2 h. The cells were fixed with 4 % p-formaldehyde for

suggested that vIL-10 could inhibit NF-xB p65
nuclear translocation in CNE-1 and CNE-2 cells.

vIL-10 inhibits DNA-binding of NF-kB

To assess whether vIL-10 inhibited NF-kB-dependent
transcription through the suppression of DNA-binding
of this transcription factor, EMSAs were performed. For
these assays, we used biotin, an oligonucleotide probe
with binding sites that bind p65/p50 heterodimers.
Nuclear extracts were prepared from cells treated with
TNF-a alone or treated with TNF-a in the presence of an
vIL-10 pretreatment, and nuclear proteins were ana-
lyzed by EMSA. Constitutive binding of NF-xB
complexes was not seen in negative control samples
(Fig. 3a, b, lane 1). Stimulation for 30 min with TNF-o
in 0, 5 and 100 ng/ml slightly induced DNA-binding of
NF-kB p65 in CNE-1 cells (Fig. 3a, lane 2, 3, 4) while
the same stimulation with TNF-o could strongly induce
DNA-binding of NF-kB p65 in CNE-2 cells (Fig. 3a,
lane 5, 6, 7). The DNA-binding of NF-kB p65 was
proportional to the concentration of TNF-a in CNE-2
cells. However, pretreatment with vIL-10 followed by
TNF-a stimulation significantly inhibited TNF-o-in-
duced DNA-binding of NF-kB p65 in CNE-1 and CNE-
2 (Fig. 3b,lane 2, 3,4, 5, 6, 7), and the DNA-binding of
NF-kB p65 was inversely proportional to the concen-
tration of vIL-10. This observation suggested that vIL-
10 could inhibit the DNA-binding of NF-xB p65.
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20 min then used for indirect immunofluorescence assays.
White arrows indicate nuclear translocated p65. Red arrows
indicate the nucleus. Yellow arrows indicate the merged nucleus
and stained p65

vIL-10 inhibits the transcription of TAP-1, TAP-2,
LMP-2, LMP-7 and HLA-I genes regulated by NF-
kB p65 in CNE-2 cells

In the NF-xB signaling pathway, NF-xB p65 can
translocate into the nucleus and bind to DNA after
activation. p65-containing complexes bind with high
affinity to the consensus DNA sequences 5'-
GGGPuNNPyPyCC-3' or 5-GGGPuNPyPyCC-3'
leading to the activation of transcription. NF-xB is a
key regulator of immune cell function. It regulates the
expression of genes for the transporter associated with
antigen processing (TAP-1), the proteasome subunit
latent membrane protein 1 (LMP-1) and the MHC
class II invariant chain, proteins with essential func-
tions for antigen presentation (Neurath et al. 1998).
The data shown in Figs. 1, 2 and 3 suggested that vIL-
10 could inhibit activation, nuclear translocation and
DNA-binding of NF-kB. Therefore, we assessed
whether vIL-10 could down-regulate the expression
of TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I genes
through the NF-xB signaling pathway. ChIP experi-
ments were performed. Chromatin from CNE-1 and
CNE-2 cells treated with TNF-a or TNF-o and vIL-10
was used for immunoprecipitation with an anti-p65
antibody, and precipitated DNA encompassing the
TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I gene
promoter NF-kB binding sites were assayed by PCR.
The results (Fig. 4) showed that NF-kB p65 could
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Fig. 3 Inhibition of DNA-binding NF-kB p65 by vIL-10. a,
b lane I: negative control; a CNE-1 cells were treated with
TNF-a alone (lane 2: 0 ng/ml, lane 3: 5 ng/ml, 30 min, lane 4:
100 ng/ml, 30 min); CNE-2 cells were treated with TNF-a
alone (lane 5: 0 ng/ml, lane 6: 5 ng/ml, 30 min; lane 7: 100 ng/
ml, 30 min). b CNE-1 (lane 2) and CNE-2 (lane 5) were treated

bind the TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I
gene promoters with or without vIL-10 treatment in
CNE-1 and CNE-2. The recruitment of NF-kB p65 to
TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I gene
promoters in the cells incubated with vIL-10 were
further assayed. As shown in Fig. 4, the recruitment of
NF-xB p65 to TAP-1, TAP-2, LMP-2, LMP-7 and
HLA-I gene promoters decreased after treatment with
50 ng/ml vIL-10 in both CNE-1 and CNE-2. Taken
together, these observations suggest that NF-kB p65
participated in vIL-10—inhibited TAP-1, TAP-2,
LMP-2, LMP-7 and HLA-I expression in CNE-1 and
CNE-2 cells. TNF-a upregulated the expression of
TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I by RT-
PCR assay (Fig. 5), and vIL-10 pre-treatment signif-
icantly reduced the expression of these genes (Fig. 5).

Discussion

NF-kB plays a significant role in moderating the
immunization and inflammation reaction. The activity
of NF-xB is moderated by the inhibitory molecule
IKB that resides inside the cytoplasm. IKB contains

1 2 3 4 5 6 7

CNE-1 CNE-2

without TNF-a or vIL-10; CNE-1 cells were stimulated with
TNF-a (15 ng/ml, 30 min) in the presence of vIL-10 (lane 3, 4:
5, 50 ng/ml) as a 30 min pretreatment; CNE-2 cells were
stimulated with TNF-a (15 ng/ml, 30 min) in the presence of
VvIL-10 (lane 6, 7: 5, 50 ng/ml) as a 60 min pretreatment

factors, such as IKBa, IKBf, IKBg, IKBY and bcl-3,
which have six or seven ankyrin repetitive sequences
(Whiteside and Israél 1997). IKB kinase (IKK) can
phosphorylate two Ser terminal residues on IKBa and
IKBB N during cytokine inducement. Under a static
state, NF-xB is a dimer (p65/p50), mainly residing
inside the cytoplasm. p65 has a transcriptional regu-
lation action zone, whereas p50 does not (Driessler
et al. 2004). Exogenous stimulation activates the IKK
upstream kinase through signal transmission. Acti-
vated IKK phosphorylates its substrate IKB, and p65 is
phosphorylated, starting nuclear transcription regula-
tion. Phosphorylated NF-kB p65 (activated form) can
directly bind to certain factors inside the nucleus or
gene promoters, triggering a sequence of physiologic
or pathologic effects.

We investigated the effect of vIL-10 on TNF-a-
mediated NF-xB pathway proteins in CNE-1 and
CNE-2 cells. We found that vIL-10 can inhibit the NF-
kBp-p65 and p-IKKa/p kinase activation by observing
the change of NF-xB signaling protein using Western
blot analysis. In addition, NF-kB activity inhibiting
protein (IKB) increases with the increase in vIL-10
concentration, which implies that vIL-10 can increase
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Fig. 4 The ChIP results of TAP-1, TAP-2, LMP-2, LMP-7 and
HLA-I promoter analysis with NF-xB p65. a, b CNE-1 (a, left)
or CNE-2 (a, right) cells were treated with TNF-o. for 30 min, or
alternatively pre-treated with vIL-10 for 2 h. The cells were

IKB expression or inhibit IKB degradation. These
results indicate that vIL-10 can inhibit NF-kB activity,
and this inhibition is concentration dependent. Fur-
thermore, using an immunofluorescence method, we
determined that the amount of NF-kB p65 nuclear
translocation in nasopharyngeal carcinoma cells
affected by vIL-10 decreased or even disappeared.
This finding indicates that vIL-10 can inhibit the
activity of NF-kB p65 nuclear translocation in
nasopharyngeal carcinoma cells. EMSA assays
demonstrated that vIL-10 can significantly inhibit
the combination activity of NF-xB with DNA, and this
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lysed for ChIP. The precipitated DNA was amplified by PCR as
described in the “Materials and methods” section. ¢, d The
experiments in a and b were repeated three times and semi-
quantified. ** P < 0.05

inhibition is concentration dependent in both CNE-1
and CNE-2 cells.

Schottelius et al. (1999) disclosed that IL-10 could
inhibit IKBa degradation through inhibiting IKK
activity, preventing IKK degradation, and blocking
NF-xB nuclear translocation. They found that TNF-o
pretreated cells treated with IL-10 can inhibit IKBa
degradation at 15 min, but this effect was lost at
30 min. IKBa reassembled after degradation, indicat-
ing that IL-10 can only inhibit IKBa degradation
temporarily. The findings showed that, to some extent,
the inhibition of NF-xkB by IL-10 is achieved by
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Fig. 5 The change of A
transcription of TAP-1,
TAP-2, LMP-2, LMP-7 and
HLA-I. a CNE-1 or CNE-2
cells were treated with TNF-
o for 30 min, or
alternatively they were pre-
treated with vIL-10 for 2 h.
The expression of TAP-1,
TAP-2, LMP-2, LMP-7 and
HLA-I were assessed by
RT-PCR. b The experiments
in a were repeated three
times and semi-quantified.
** P <0.05

vIL-10 0 50

inhibiting IKBa degradation. However, Schottelius
was unsure how IL-10 inhibited NF-xB DNA binding
activity. Having extended TNF-o stimulating time, IL-
10 can still inhibit NF-kB combination activity while
this inhibition is not related to IKK activity decrease or
NF-«xB nuclear translocation. The presence of the IKB
protein in the cytoplasm and nucleus was assayed by
Western blot analysis. Analysis of nuclear extracts
failed to demonstrate an accumulation of IkB proteins
following IL-10 treatment, suggesting that the inhibi-
tory effect of IL-10 on NF-xB DNA binding is not
mediated by increased nuclear levels of these
inhibitory molecules. Therefore, Schottelius believed
that this observation must occur through a different
mechanism. Raychaudhuri et al. (2000) discovered
that by specifically inducing nuclear translocation of
the p50/pS0 homodimer and inhibiting IKK activity,
IL-10 exerted a dual inhibitory function in the NF-xB
pathway (Varfolomeev et al. 2006). Researchers also
found, from Northern blot assays, that IL-10 could not
inhibit the activity of LPS-induced NF-xB binding to
DNA. Furthermore, the expression of the NF-kB
transcription factor p65 was not affected by IL-10, nor
did IL-10 impact IKB mRNA expression (Dokter et al.
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1996). Clarke et al. (1998) found that IL-10 could not
accelerate IKBa/IKBf} degradation or inhibit NF-xB
nuclear translocation. Clarke et al. (1998) speculated
that there must be some other mechanism besides IKB
degradation and DNA combination. A comparison of
the activity of vIL-10 and results from other groups
focused on human IL-10 suggests that vIL-10 may be
similar to human IL-10, but there are many differ-
ences. This finding indicated that vIL-10 may have a
potential therapeutic effect clinically.

The results, which demonstrate that vIL-10 inhibits
the expression ChIP of NF-kB through the NF-xB
signaling pathway, demonstrate that NF-xB p65 can
bind to the promoter of TAP-1, TAP-2, LMP-2, LMP-
7 or HLA-I after entering the nucleus of nasopharyn-
geal carcinoma cells. There are few reports concerning
the transcriptional regulation of NF-xB to TAPs and
LMPs. The NF-kB binding site in the bidirectional
promoter domain of TAP-1 and LMP-2 can bind with
activated NF-xB, which moderates TAP-1 and LMP-2
gene transcription (Gobin et al. 1998). Through gene
fingerprint technology and site-directed mutagenesis,
Wright et al. (1995) discovered that the Sp1-GC box
shared by both TAP-1 and LMP-2 is much closer to the
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TAP-1 gene, and TNF-a can assist TAP-1 and LMP-2
gene expression by inducing the NF-kB pathway. The
ATG codon is found in several promoter domains
located at position 120 bp of the TAP-1 gene, in an
external promoter located —427 bp upstream, and in
the LMP-2 transcription origin position —40 bp.
Therefore, both the TAP-1 and LMP-2 genes are
moderated by both the Sp1-GC box and NF-kB. LMP-
7 and LMP-2, located at the MHC-II gene and close to
the TAP gene, are less important than TAPs during
antigen presentation because cells that lack the LMP
gene can also present antigens. Pai et al. (2002)
discovered that inside Burkitt’s lymphoma and
nasopharyngeal carcinoma cells, EB virus antigen
LMP-1 could assist in the expression of TAP-1 and
TAP-2 through its C-terminal activity region (CTAR1
and CTARU1). This effect was lost after the C-terminal
activity region was removed or mutated. They further
discovered that LMP-1 could activate NF-kB through
the C-terminal activity region, assist in RelB nuclear
translocation, and perform transcriptional regulation.
Either NF-xB’s inhibitors or the RelB antibody may
inhibit the induction of LMP-1. Therefore, they
concluded that LMP-1 could increase the antigen
presentation of both TAP-1 and TAP-2 through NF-
kB. Moschonas et al. (2003) discovered that the CD40
ligand could induce antigen presentation and related
gene expression (TAP-1, TAP-2, LMP-2, LMP-10 and
tapasin). These gene promoters all contained NF-xB
binding regions. The CD40 ligand could recruit p65
into the nucleus and bind to the gene promoter domain
to initiate the gene expression. NF-kB was the key
moderator of the expression of TAP-1 and LMP-2. We
found that vIL-10 can significantly inhibit NF-xB
p65’s binding to the gene promoters of target genes
TAP-1, TAP-2, LMP-2 and LMP-7 in CNE-2. How-
ever, VIL-10 only inhibits TAP-1 and LMP-7 in CNE-
1. CNE-1 is a highly differentiated nasopharyngeal
carcinoma cell line, and CNE-2 is poorly differenti-
ated or undifferentiated. CNE-1 and CNE-2 may have
different biological activities. CNE-2 represents the
immunization of the majority of nasopharyngeal
carcinoma patients because poorly differentiated
nasopharyngeal carcinoma is seen more commonly
in clinics.

Downregulation of HLA-I has been observed in
many tumors, at a rate of 16-50 %, which is closely
associated with tumor immunoevasion. In many
tumors, the downregulation of HLA-I expression is
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related to pathologic characteristics, poor prognosis
and disease-free survival time. HLA-I has three main
promoter regions: enhancer A, interference simulator
reaction region (ISRE), and enhancer B (SXY).
Enhancer A is located between —201 and —159,
including two regions: I, which can bind to NF-xB
(Dejardin et al. 1998), and II. Enhancer B is located
between —120 and —61 relative to the transcription
initiation site. In vitro, enhancer B binds to AP-1, but it
is unclear whether AP-1 moderates MHC-I’s expres-
sion in vivo (Romano et al. 1996). The NF-xB family
includes p65 (RelA), p50, c-Rel, p52, and RelB. They
form either dimers or trimers. These polymers bind to
the target gene locus points of 10 bp and start
transcription regulation. In most cases, an NF-xB
dimer is bound to its inhibitory protein IKB inside the
cytoplasm and is in a static status. An activated
simulator can quickly activate NF-xB, making it
effective by entering the cytoplasm. p65/p50 is the
most commonly seen NF-kB dimer (Symeonidou et al.
2010). Dejardin et al. (1998) discovered that NF-xB/
IxkB can moderate MHC-I expression in breast
cancers. NF-kB complexes that contain p65 or RelB
bind to the kB region of the MHC-I promoter and
activate MHC-I transcription. The results in the
present study shows that vIL-10 can significantly
inhibit the expression of the HLA-I gene in CNE-2
cells but have little impact in CNE-1 cells. The
possible reasons are as follows (1) NF-xB contains
dimers, such as p65/p50, p50/c-Rel, p50/p50 and p65/
p65, which have different effects. The most common
p65 for ChIP was used in the test. It is possible that
p65/p50 is not the primary element of transcriptional
regulation in CNE-1 nasopharyngeal carcinoma cells,
but other elements are (Wright et al. 1995; Pai et al.
2002). (2) The HLA-I gene contains several loci and
promoters. The promoter in the test may not contain
NF-kB’s action zone. Therefore, the negative result
does not necessarily mean that NF-xB has no
transcriptional effect on the HLA-I gene. (3) NF-xB
expression has organizational and cellular distinctive-
ness. The MHC-I gene’s transcription level depends
on NF-kB expression, NF-xB combinational ability,
and the moderate ability of different NF-xB dimers.
(4) There are other signaling pathways in CNE-1 cells
that moderate HLA-I expression.

In conclusion, the results in the present study
suggest that the inhibition of NF-kB activity may be an
important mechanism for vIL-10 suppression of APM
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(TAP-1, TAP-2, LMP-2, LMP-7 and HLA-I) gene
transcription in CNE-2 cells. The role of vIL-10 and
hIL-10 is more or less different, which may indicate a
possible therapeutic role for vIL-10 in immune-related
diseases.
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