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Expression of miRNA-146a in nasopharyngeal carcinoma is
upregulated by Epstein-Barr virus latent membrane protein 1
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Abstract. We aimed to investigate the relationship between
miRNA-146a and latent membrane protein 1 (LMPI) of
Epstein-Barr virus (EBV) in nasopharyngeal carcinoma
(NPC). The expression levels of LMP1 in 40 cases of NPC,
28 cases of chronic nasopharyngitis and NPC cell lines CNE1
and CNEI-GL (in which LMP1 was stably transfected) were
detected by immunohistochemical staining. The expression
of miRNA-146a in 16 cases of NPC, 13 cases of chronic
nasopharyngitis and cell lines was determined by quantitative
reverse transcription polymerase chain reaction (QRT-PCR)
analysis. A plasmid containing the luciferase gene under the
control of miRNA-146a promoter (pri-miRNA-146a) was
constructed and transfected into NPC cells, and the luciferase
activity was detected. LMP1 was positive in 17.9% (5/28) of
chronic nasopharyngitis cases and 62.5% (25/40) of NPC
cases (P<0.01). The miRNA-146a levels in NPC were signifi-
cantly higher than that in chronic nasopharyngitis (P<0.01),
and were higher in CNEI1-GL cells than those in CNEI cells
(p<0.01). The expression of miRNA-146a in human NPC was
elevated by EBV-associated antigen LMP1, probably through
the activation of the miRNA-146a promoter.

Introduction

Nasopharyngeal carcinoma (NPC) is a malignant cancer of
epithelial cell origin. It has a high incidence in Southeast Asia
and Southern China and is closely associated with infection
by Epstein-Barr virus (EBV) (1-5). According to the different
antigens generated during infection, latent EBV infections in
human can be classified into latency type I, II and III infec-
tions. During latency I infection, only a small number of gene
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products are produced [EBV-encoded small RNAs (EBERs)
and EBV nuclear antigen 1 (EBNA1)]. In type II latent infec-
tion, the infected host cell will produce EBERs, EBNALI, latent
membrane protein 1 (LMP1), LMP2A, LMP2B and other
transcripts. In type III latent infection, EBNAs, EBERs and
LMPs are also seen. Latent EBV infection in NPC is usually
of type II (1,4).

LMP1 is one of the latent EBV infection-associated anti-
gens, which is closely related with the carcinogenic effects of
EBV. As an oncoprotein, LMP1 can cross-link by using its
C-terminal cytoplasmic domain and analog CD,, to mediate
intracellular signalling pathways. LMP1 can activate tran-
scription factor activator protein 1 (AP-1) and nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-«xB)
signal transduction through its binding to the tumor necrosis
factor receptor-associated death domain protein (TRADD)
or to the tumor necrosis factor receptor-associated factor
(TRAF). Therefore, LMP1 plays a key role in cell prolifera-
tion, apoptosis, cell transformation, invasion and metastasis
via regulating the expression of downstream target genes
(6-8). Most of NPC biopsies are positive for LMP1 expression
(3.9).

EBV can integrate into the host cell genome at chromo-
somal fragile sites which are often prone to sister chromatid
exchanges, chromosomal translocations, gene deletions, gene
amplifications and oncogenic virus integrations. EBV can
integrate into human chromosomes at 1p, 1q, 2q, 3p, 39, 4q, 59,
6q, 7p, 79, 9q, 11p, 14q and 15q (10,11). EBV infection also can
cause a loss of heterozygosity (LOH) at chromosome 5ql11-ql14
and 5g31-q33 loci (10).

microRNAs (miRNAs) are endogenous, 19-25-nucleotide
long, single-stranded small non-coding RNA transcripts. They
interact with the 3' UTR of target mRNA, resulting in inhibi-
tion of translation of the target gene or target degradation. It has
been found that the expression levels and patterns of miRNAs
in human cancer cells and tissues show significant difference
from those of normal cells and tissues (12). Human miRNAs
have been found frequently (52%) at fragile sites in the cancer-
associated genomic regions or genes, including LOH region,
genomic breakpoints and fragile sites where genetic abnor-
mality often occurs in the cancer cells (13). Functionally, some
miRNAs are similar to oncogenes or tumor suppressor genes
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and post-transcriptionally regulate the expression of cancer-
related genes (14-17).

Human miRNA-146a is located within the second exon
of 5q33.3 LOC285628 gene which has two exons and an
intermediate intron of approximate size of 16 kb (18,19).
Overexpression of miRNA-146a has been observed in various
malignant tumors, such as papillary thyroid carcinoma, pedi-
atric acute leukemia and hepatocellular carcinoma (20-25).
LMPI1 can also increase the expression of miR-146a in malig-
nant lymphoma (21,22).

Recent studies have shown that miRNA encoded by onco-
genic viruses or by the human genome may play an important
regulatory role in virus-host interactions (26-29). Clarifying
the mechanism of action of miRNAs not only helps to under-
stand the virus-host interaction but also helps to decipher the
development of virus-induced tumors. Our present study aims
to explore the relationship between miRNA-146a expression
and EBV-associated antigen LMP1 in the context of NPC and
its possible mechanism.

Materials and methods

Specimens and cell lines. Specimens of non-keratinizing
undifferentiated nasopharyngeal carcinoma, and chronic naso-
pharyngitis were obtained from the diagnosed outpatients at the
Affiliated Hospital of Guangdong Medical College. Informed
consent was provided by all patients. All NPC patients had not
been treated with radiotherapy or chemotherapy.

Of the 40 cases of NPC patients whose specimens were
used for immunohistochemical detection, 12 cases were at
TNM stage I, 12 cases were at stage I1, 10 cases were at stage 111
and 6 cases were at stage [V. Twenty-seven were males and 13
were females, with age ranging from 30 to 75 years, median
age of 46 years and mean age of 46.5 years. Of the 28 cases of
chronic nasopharyngitis patients, 17 were males and 11 were
females, with age ranging from 17 to 80 years, median age of
40 years and mean age of 40.6 years. Of the 16 NPC patients
(5 cases of TNM stage I, 4 cases of stage 11, 4 cases of stage 111
and 3 cases of stage IV) whose specimens were detected by
qRT-PCR, 11 were male and 5 were females, with age ranging
from 28 to 78 years, median age of 46 years and mean age of
46.6 years. Of the 13 patients with chronic nasopharyngitis, 7
were males and 6 were females, with age ranging from 24 to
73 years, median age of 44 years and mean age of 44.1 years.

Nasopharyngeal carcinoma cell line CNE1 and CNE1-GL
were from the Department of Pathology, Guangdong Medical
College. CNEI1-GL was transfected with a eukaryotic expres-
sion plasmid pAT-GFP-LMP containing LMP1 gene and
green fluorescent protein (GFP) as reporter gene, which was
a gift from Dr J.R. Arrand from the Paterson Institute for
Cancer Research, Christie CRC Research Center, Manchester,
UK (30).

Immunohistochemical staining. Slides of paraffin-embedded
specimens and cells were incubated overnight with mouse
anti-human LMP1 monoclonal antibody (Dako) (1:100) in a
humidified box at 4°C, washed thrice with PBS, incubated
with streptavidin-peroxidase (SP) for 1 h at room temperature,
washed for three times and stained by diaminobenzidine
(DAB). Sections with known high LMP1 expression were used
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as positive controls and sections incubated with PBS instead of
primary antibody served as negative controls.

For each section, 5 low magnification fields (x100) were
randomly selected under the microscope, and the proportions
of positively stained cells per field was counted under higher
magnification (x400). The results are presented as the mean
percentage of the 5 fields. The rating criteria were as follows:
no positive cells in the field was ranked as O; positive cells
<10% as 1; 11-50% as 2; 51-75% as 3; >75% as 4. The criteria
for staining intensity was: no staining was ranked as 0; light
yellow staining as 1; brown staining as 2; dark brown staining
as 3. The LMP1 staining was evaluated according to the
number of positive cells and staining intensity. The sections
with a number of positive cells of 0 were recognized as nega-
tive (-), while sections with a number =1 were positive (+). The
results of all the sections were subjected to review by three
pathologists who were blinded to the study design.

Quantitative reverse transcription polymerase chain reaction
(qRT-PCR). The total RNAs of NPC tissues and chronic naso-
pharyngitis tissues were extracted with TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) and were reversely tran-
scribed into complementary DNA (cDNA) using miScript
Reverse Transcription kit (Qiagen, Germany). The cDNAs
were diluted 1:10, 1:100 and 1:1000 and then amplified by
miScript SYBR-Green PCR kit (Qiagen) in the Applied
Biosystems 7300 Real-time PCR System (Applied Biosystems,
Foster City, CA, USA). The primers for miRNA-146a and
reference gene were as follows: upstream primer of miRNA-
146a 5-TGAGAACTGAATTCCATGGGTT-3', downstream
primer 5-ATCTACTCTCTCCAGGTCCTCA-3' and upstream
primer for the reference gene U6 small nuclear RNA (snRNA)
5-CTCGCTTCGGCAGCACA-3', downstream primer 5-AA
CGCTTCACGAATTTGCGT-3" The relative changes in the
expression of miRNA-146a were calculated in accordance
with 244 method (31).

Construction of pGL3-miR 146a-pri-pro plasmid. Primers for
the miRNA-146a promoter were synthesized as previously
described (22): upstream primer 5-GCAGCTAGCTTTCGG
TCCATGAGCACGT-3' (Nhel restriction site is underlined);
downstream primer 5'-GCAAAGCTTAGCGGTCAAGCGT
CTTGG-3' (HindIII restriction site is underlined). The
sequence from -1153 to 421 of miRNA-146a gene promoter
was amplified by PCR. The PCR products were purified,
digested with Nhel and HindIIl and ligated with the expres-
sion vector pGL3-Basic containing firefly (Photinus pyralis)
luciferase gene (Promega, Madison, WI, USA) with the aid of
T4 DNA ligase. After transformation, positive clones were
screened by restriction enzyme digestion. The correct construct
was verified by DNA sequencing and named as pGL3-miR 146a-
pri-pro.

Transfection and detection of luciferase activity. CNEI
or CNEI-GL cells (2x10%) were seeded into 24-well plates
and incubated in a humidified 5% CO, incubator at 37°C
for 24 h. When the cells reached 60-70% confluence, 1 ug
of pGL3-Basic or pGL3-miR146a-pri-pro with 10 ng
pRL-TK, a plasmid containing Renilla luciferase reporter
gene and 100 ng pRL-SV40 plasmid were co-transfected
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Figure 1. LMP1 expression in chronic nasopharyngitis and NPC specimens. (A) No expression of LMP1 protein in chronic nasopharyngitis (SP, x400). (B)

Positive staining of LMP1 protein in NPC (SP, x400).

Figure 2. Expression of LMP1 in NPC cell lines. (A) No expression of LMP1 protein in CNEI cells (SP, x400). (B) Positive staining of LMP1 protein in

CNEI-GL cells (SP, x200).

Table I. Expression of LMP1 in NPC and chronic nasopharyngitis specimens.

Conditions n Positive Negative Positive (%)
Chronic nasopharyngitis 28 5 23 17.9
NPC 40 25 15 62.5

P=0.002; x*=13.315.

using Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA).
After 48 h, the firefly and Renilla luciferase enzyme assays
were conducted by using the dual luciferase reporter assay
system (Promega) and fluorescence intensity was detected by
GloMax® 96 Microplate Luminometer (Promega) in the trans-
fected cells. The expression of firefly luciferase was calculated
using the formula ACT = (F/R)g,upie/(F/R) coniro1» Where F refers
to the intensity of firefly luciferase and R is the intensity of
Renilla luciferase. Each treatment was performed in triplicate.

Statistical analysis. Data are presented as means + standard
deviation (SD). Statistical comparisons for percentages were
performed using y* analysis in each case. For continuous vari-
ables, Mann-Whitney U test was used. All statistical analyses
were carried out by using SPSS 13.0 (SPSS Inc., Chicago, IL,
USA). P-values <0.05 were considered statistically significant
(2-tailed).

Results

Different expression of LMPI in chronic nasopharyngitis,
NPC specimens and NPC cell lines. LMP1 expression in NPC
and chronic nasopharyngitis specimens was detected by immu-
nohistochemical staining. It was observed that LMP1 protein
was located on the cell membrane (Fig. 1). LMP1 expression
was found in 5 out of 28 (17.9%) cases of chronic nasopharyn-
gitis, while the percentage of positive staining of LMP1 was
62.5% (25/40) in the NPC specimens. The difference of LMP1
expression between the two groups was statistically significant
(P<0.01) (Table I).

The results of immunocytochemical staining showed that
LMP1 protein was abundantly expressed and distributed in the
cell membrane and cytoplasm of CNE1-GL cells. However,
expression of LMP1 protein was not detected in CNEI cells
(Fig. 2 and Table II).
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Table II. Expression of LMP1 in different NPC cell lines.

LMP1
Cell lines Positive (n) Positive (%)
CNEl 0 0
CNE1-GL 492+11 98.4+2.2
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Figure 3. The expression of miRNA-146a in NPC and chronic nasopharyn-

gitis. Data are presented as mean = SD, “P<0.01.
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Figure 4. The expression of miRNA-146a in CNE1-GL cells and CNEI cells.
Data are presented as mean + SD, “P<0.01.

Expression of miRNA-146a in chronic nasopharyngitis,
NPC specimens and NPC cell lines. The result of qRT-PCR
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Figure 5. The expression of pri-miRNA-146a in NPC cell lines after transfec-
tion with recombinant plasmids. (A) CNEI cell line, (B) CNEI-GL cell line.

revealed that the expression level of miRNA-146a in NPC was
3.62+1.20 times higher than that in chronic nasopharyngitis
(P<0.01) (Fig. 3).

Similarly, as shown in Fig. 4, the miRNA-146a level in
CNEI1-GL cells was 4.83+1.64 times higher than that in CNE-1
cells (P<0.01).

The relationship between LMPI and miRNA-146a. To
explore the relationship between LMP1 and miRNA-146a, we
constructed the plasmid pGL3-miR146a-pri-pro to transfect
NPC cells (CNE1 and CNE1-GL) with different LMP1 status.
It was shown that ACT values of CNEI cells transfected with
pGL3-Basic or the recombinant plasmid pGL3-miR146a-pri-
pro did not make significant difference (P=0.207) (Fig. 5A).
The expression level of firefly luciferase in pGL3-miR146a-
pri-pro transfected CNEI cells was 0.967 that of pGL3-Basic
transfected cells, suggesting that the activity of miR146a
promoter was not effective in CNEI cells.

In contrast, the ACT value of CNEI1-GL cells transfected
with plasmid pGL3-miR146a-pri-pro was significantly higher
than that of CNEI1-GL cells transfected with pGL3-Basic
(P=0.0042) (Fig. 5B). The expression level of firefly luciferase
in CNEI1-GL cells was 1.240 higher than that of pGL3-Basic
transfected cells, suggesting that activity of miR146a promoter
may be upregulated by LMP1.
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Discussion

In the present study, we found that the miRNA-146a expression
level in 16 cases of human non-keratinizing undifferentiated
NPC was significantly elevated (P<0.01), compared to that in
13 cases of chronic nasopharyngitis, indicating that the higher
expression of miRNA-146a could be a potential indicator for
NPC development. EBV infection is an important stimulus for
oncogenesis of NPC (1-5), and EBV is detectable in almost
all of the non-keratinizing undifferentiated nasopharyngeal
carcinoma. The latent EBV infection involved in NPC is
type II (1,4). In general, in the state of latent infection EBV
genome persists in the host cell as an episome, but sometimes
the EBV genome also integrates into the chromosomes of the
host cell (32). Many integration sites in human chromosomes
have been confirmed, such as 1p, 1q, 2q, 3p, 3q, 4q, 59, 69, 7p,
79, 9q, 11p, 14q and 15q (10,11). miRNA-146a is in the second
exon of LOC285628 gene which is located coincidentally, on
chromosome 5q33.3 (18,19). This suggests that the increased
expression of miRNA-146a may be the result of the enhanced
promoter activity of miRNA-146a, due to integration of the
EBYV genome.

On the other hand, LMP1 as an EBV latent infection-
associated antigen that can mimic CD,-mediated signal
transduction pathways, which participate in regulation of cell
proliferation, apoptosis, malignant transformation, invasion
and metastasis. To further determine whether the elevated
expression level of miRNA-146a in human NPC is directly
related to LMP1, we used immunohistochemical/immuno-
cytochemical methods to detect LMP1 protein expression
in paraffin-embedded sections of the NPC cell lines with/
without stably transfected LMP1 gene. The expression of
miRNA-146a was quantified by qRT-PCR in parallel. The
results showed that in both the specimens and cell lines, the
expression levels of miRNA-146a were positively correlated
with that of LMP1 protein expression. It was confirmed that
the LMP1 can upregulate the expression level of miRNA-
146a. To investigate the mechanism involved in regulation
of miRNA-146a by LMP1, we constructed a dual luciferase
reporter gene vector pGL3-mirl46a-pri-pro which was
transfected into CNE1 and CNEI1-GL cells, using pGL3-
Basic as a control. The results showed that when compared
to CNEI cells (no LMP1 expression), the pri-miRNA-146a
level in CNE1-GL cells (LMP1 expressing) was significantly
upregulated. The dual luciferase reporter assay indicated
that in NPC cells LMP1 protein significantly enhanced the
expression of miRNA-146a via promoter activation. As one
of the main regulators of EB virus, LMP1 can simulate the
CD40 receptor and activate multiple cell signaling pathways
such as NF-kB, AP-1, inhibitor of differentiation 1 (Id)1, Id3,
signal transducers and activators of transcription (STAT) and
TNF receptor-associated factors (TRAFs), thus enlarging
the downstream regulation of target gene expression. CD,,
activates cells by a signaling pathway that begins with the
association of adapter proteins known as TRAFs. TRAFs are
thought to interact with CD,, to nuclear factor (NF)-xB and
c-Jun kinase (JNK) activation. Similar to CD,,, LMP1 also
binds TRAFs which are then thought to interact with kinases
such as NF-kB-inducing kinase that ultimately promote
activation of NF-kB (33-38). However, further investigation
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on the exact interaction between LMP1 and miRNA-146a is
still needed.

In conclusion, this study confirmed that miR-146a expres-
sion was correlated with the expression of EBV-associated
antigen LMP1 in NPC in vitro and in vivo. LMP1 may elevate
the expression of miRNA-146a via promoter activation, which
adds new evidence to EBV-host interactions.
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