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Abstract

Purpose EBER-1 (a non-coding RNA transcribed by
EBYV) expression was detected in most of Epstein—Barr
virus (EBV)-positive nasopharyngeal carcinoma (NPC)
patients. However, the relevance between EBER-I
expression and NPC clinical outcome has not been repor-
ted. This study aims to assess the possible correlations of
EBER-1 expression and clinical parameters and its poten-
tial prognostic predictive ability in NPC patient’s
outcomes.
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Methods We examined EBER-1 mRNA expression in
301 NPC and 130 non-NPC tissues using in situ
hybridization and did statistics.

Results EBER-1 expression was up-regulated in NPC
tissues when compared to non-NPC tissues. A receiver
operating characteristic analysis revealed that EBER-1
expression could distinguish non-cancerous patients from
NPC patients (p < 0.001, sensitivity: 72.5 %, specificity:
83.5 %, AUC = 0.815). A survival analysis revealed that
patients with high levels of EBER-1 expression had a
significantly good prognosis (Disease-free survival:
p = 0.019, overall survival: p = 0.006).

Conclusion These results indicated that EBER-1 expres-
sion is a potential prognosis factor of NPC and highly
negative correlated with the progress of NPC.

Keywords Nasopharyngeal carcinoma (NPC) - Epstein—
Barr virus (EBV) - EBV-encoded small RNA 1 (EBER-1) -
Prognosis

Introduction

In contrast to other head and neck cancer and epithelial
malignancy in general, nasopharyngeal carcinoma (NPC)
has a remarkably distinctive ethnic and geographic distri-
bution, and this distribution of NPC indicates that the
development of this cancer may be related to genetic and
environmental factors [1-4].

A unique feature of NPC is its strong association with
Epstein—Barr virus (EBV) [4-8]. EBV is a large dsDNA
lymphotropic herpesvirus which was first isolated five
decades ago and is widespread in human populations of all
ages [9, 10], causes infectious mononucleosis and has a
strong association with various malignancies such as
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Burkitt’s lymphoma, Hodgkin’s disease and NPC [11, 12].
A close relationship between NPC and EBV has been
widely accepted since Henle et al. reported higher serum
IgA titer in NPC patients [13].

EBV genomes are detected in most cases of NPC,
regardless of whether they are from an endemic or non-
endemic area. Moreover, EBV genomes detected in NPC
tumors are monoclonal. Thus, it is generally accepted that
EBV is the causative agent of NPC [6]. EBV-encoded
RNAs (EBER-1 and EBER-2) are two small non-coding,
non-polyadenylated RNAs that are abundantly expressed in
latently EBV-infected cells. Some reports suggest that
EBER-1 is transcribed by RNA polymerase II and III,
whereas EBER-2 is transcribed by polymerase III only
[14]. EBER-1 has been reported to be present at ten fold
higher levels compared with EBER-2, presumably because
of its longer half-life [1]. EBER-1 does not code any pro-
tein and its function is still not clear, but it is known to be
abundantly produced in infected cells, making itself an
appropriate biomarker for detection of EBV. Detection of
EBER by in situ hybridization (ISH) has been established
as the most sensitive and practical method for detecting
EBV infection. Thus, in this work, ISH technology was
used to elucidate the potential roles of EBER-1 in NPC.
We used the tissue microarray including 301 NPC and 130
non-NPC patients and examined the clinical features and
outcomes of NPC, and performed an analysis of the
prognostic factors of NPC in terms of clinical issues.

Methods
Patients and tissue specimens

Before study initiation, ethical approval was obtained from
Xiangya Hospital in Changsha, and the Central South
University Ethics Review committees/Institutional Review
Boards. Informed consent was obtained from all patients,
301 cases NPC and 130 non-NPC tissues which were col-
lected between January, 2002 and October, 2004 at Xiangya
Hospital. Patients’ clinical information, such as age, sex,
tumor size, lymphatic invasion and TNM stage was collected
and stored in a database. The survey for NPC patients’ fol-
low-up information was on August 9, 2010. 77 NPC patients
had valid follow-up data and the longest survival time was
96 months. The NPC tissue microarray was constructed as
described in our previous studies [15, 16].

In situ hybridization (ISH)
The EBER-1 probe was 5'-agacaccgtcctcaccace-

cgggacttgta-3’. The probes were labeled with DIG-dUTP
(Roche) at the 3’ end according to manufacturer protocols.

A poly-d(T) probe was used as a control for total RNA
preservation. The DIG oligonucleotide 3'-tailing labeling
kit was purchased from Roche, as previously described
[15]. A semi-quantitative scoring criterion for ISH was
used in which both the staining intensity and number of
positive areas were recorded. 0 was named as negative, +
to ++4 was named as low expression and +++ was named
as high expression. The scores corresponding to the overall
distribution of EBER-1 were averaged across the different
tumor plugs in each case. All sections were scored inde-
pendently by two pathologists who were blinded to the
clinicopathological features and the clinical course.

Statistical analysis

Data were analyzed using the Chi-squared test or the Fisher
exact test to assess associations between EBER-1 expression
levels and the clinicopathologic parameters. The sensitivity
and specificity of a test based on a scoring system for a range
of cutoff points can be shown by an ROC curve. A measure
of performance that combines sensitivity and specificity is
the area under the ROC curve (AUC). The overall survival
(OS) was defined as the time elapsed between the diagnosis
and the date of death. Disease-free survival (DFS) was
defined as the time elapsed between the diagnosis and the
date of first treatment failure. The OS and DFS estimates
over time were calculated using the Kaplan—-Meier method,
and the differences were compared using the log-rank test
[17]. The results of the analysis were considered significant
in a log-rank test if p < 0.05. Calculations were performed
using the SPSS 13.0 statistical software for Windows (SPSS
Inc, Chicago). A p value less than 0.05 was considered sta-
tistically significant, and all statistical tests were two sided.

Results

Expression of EBER-1 in NPC and non-cancerous
NPE

Representative images of EBER-1 ISH signals are shown
in Fig. 1. EBER-1 was expressed in 71.1 % (214 of 301) of
NPC samples and in 11.5 % (15 of 130) of non-cancerous
nasopharyngeal epithelium (NPE). The difference was
significant between NPC and non-cancerous nasopharyn-
geal epitheliums (p < 0.001, Fig. 2).

EBER-1 could distinguish non-cancerous and NPC
patients

Next, we evaluated the usefulness of EBER-1 ISH signal for

distinguishing between non-cancerous and NPC patients.
We selected some significant data points to develop a test by
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Fig. 1 Representative images of EBER-1 as detected by ISH. Brown
denotes a positive signal. Negative expression of EBER-1 was in
nasopharyngeal column epithelial cells (a) and in differentiated non-
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Fig. 2 EBER-1 expression proportion in non-cancerous NPE group
and the NPC group. Positive expression of EBER-1 was 11.5 % in
non-cancerous NPE group and 71.1 % in the NPC group, p < 0.001

setting an optimal cutoff value and using it for the calculation
of the sensitivity, specificity and area under the curve (AUC).
Figure 3 shows ROC curve for the scoring systems for all
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keratinizing NPC (b), weak positive in differentiated non-keratinizing
NPC (c) and strong positive in undifferentiated NPC (d)

non-cancerous and NPC patients. The AUC of EBER-1 for
predicting NPC patients was 0.815 (95 % confidence inter-
val = 0.776-0.854, p < 0.001), with a sensitivity and
specificity of 72.5 and 83.5 %, respectively.

Correlations between expression of EBER-1
and NPC clinical pathological parameters

Expression of EBER-1 in NPC was not associated with
some parameters such as gender and age, but higher EBER-
1 expression was associated with earlier clinical stage
(Fig. 4a, p < 0.0001), T stage (Fig. 4b, p = 0.007) and
lower lymph node metastasis potential (Fig. 4c, p = 0.04).

EBER-1 could predict the clinical outcome of NPC
There were 77 NPC patients who had valid follow-up data.

We then examined the correlation between EBER-1
expression and relapse and cancer-related deaths using a
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Fig. 3 EBER-1 expression patterns can distinguish the non-cancer-
ous group from the NPC group. ROC curve analysis of EBER-1
expression. The AUC of EBER-1 for predicting non-cancerous
patients was 0.815, with a sensitivity and specificity of 72.5 and
83.5 %, respectively

Kaplan—Meier survival analysis. The median disease-free
survival (DFS) time of NPC patients with negative, low
and high expression of EBER-1 was 35, 48 and 71 months,
respectively (Fig. Sa, p = 0.019). While the median over-
all survival (OS) time was 35, 56 and 75 months in NPC
patients with negative, low and high expression of EBER-
1, respectively (Fig. 5b, p = 0.006). Both DFS and OS
were significantly longer in patients with high EBER-1
expression compared to those with low or negative
expression. These results strongly suggested that EBER-1
expression may involve in the development of NPC.

Discussion
EBYV establishes a latent infection in B cells and epithelial

cells in over 90 % of the human adult population as a
lifelong and largely asymptomatic infection. But EBV

p =0.007
120 4 =1 Negative HEH Low [ High

infection has been linked to several types of tumors such as
Hodgkin’s lymphoma, Burkitt’s lymphoma, melanoma,
and gastric adenocarcinoma, as well as and NPC, which
have long been known to be EBV-associated neoplasm
[11]. Our previous studies also had reported that NPC is
closely associated with EBV infection [18-20].

Reports have shown that EBV produces several viral
oncoproteins, including six EBV-encoded nuclear antigen
proteins (EBNA-1, EBNA-2, EBNA-3A, 3B, 3C and
EBNA-LP) and three latent membrane proteins (LMP1,
LMP2A and LMP2B), which were expressed in different
latency programs [21]. Interestingly, two types of non-
protein-coding RNA, EBV-encoded RNAs (EBER-1 and
EBER-2) and long alternative splicing non-coding RNA at
BamH1 A rightward transcripts (BARTSs) [22] are expres-
sed in all forms of latency programs [23]. Among these
transcripts, EBNA1, EBNA2, EBNA3A, EBNA3C,
EBNA-LP, and LMP1 are essential for growth transfor-
mation, whereas EBNA3B, LMP2A, LMP2B, BamHI A
rightward transcripts, and EBERs are not essential [21].
Both EBER-1 and EBER-2 are expressed at high levels in
latently infected cells and structurally highly conserved
with each other; however, they have distinct biological
functions in EBV-infected cells [24]. Our results suggested
that EBER-1, especially the high expression of EBER-1,
had a strong impact on the good prognosis of NPC. EBER-
2 alone may modulate the worst prognosis changes of NPC
since it is structurally strikingly similar to EBER-1. It was
reported that EBER-2 alone could modulate the malig-
nancy phenotype in lymphocyte B cells [24]. So EBER-2
alone may increase the development of NPC malignancy
even if the NPC cells lose the expression of EBER-1.

By now, radiotherapy is still the most important treat-
ment for NPC. EBV-related NPC may have the charac-
teristic of high sensitivity to radiotherapy, then favorable
prognosis [25]. In fact, other than encoding oncogene and
promoting nasopharyngeal epithelium malignant transfor-
mation, some genes encoded by EBV could inhibit the
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Fig. 4 EBER-1 expression proportion in different clinical stages, T,
and N stages. a Higher EBER-1 expression was associated with
earlier clinical stage (I, n = 19; I, n = 99; lll, n = 113; IV, n = 70;
p < 0.001); b Higher EBER-1 expression was associated with earlier
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n=80; N3, n = 11; p = 0.044)

@ Springer



210

Clin Transl Oncol (2016) 18:206-211

A
1.0 —
3 DFS
0 i
] 0.8 —
2
=]
©
& 0_6 —
Y
o
c
o
£ 04—
S p=0.019
o
o 0.2 — Events/N L
Light grey: high 4117
Dark grey: low 25/37
0.0 — Black: negative 17/23
I I I T I I
0 20 40 60 80 100

Follow-up months

B
1.0 —
os
2 08—
c
2
=
©
O o6 —
[T
o
S
£ 04
3 p=0.006
o
o 02— Deaths/N l.
Light grey: low 417
Dark grey: high 25/37
0.0 — Black: negative 17/23
I I I I I I
0 20 40 60 80 100

Follow-up months

Fig. 5 Kaplan—Meier survival curves in NPC patients with varying EBER-1 expression. Positive expression, especially high expression of
EBER-1, was associated with good prognosis of NPC patients, in both a disease-free survival (DFS) and b overall survival (OS) analysis

phenotype of NPC cells such as Rta and Zta, two tran-
scription factors expressed by EBV during the immediate-
early stage of the lytic cycle, could inhibit cell proliferation
and result in cell cycle arrest through induction of cyclin-
dependent kinase inhibitors [26-29]. Multiple lines of
evidence have suggested that miR-BARTS target cellular
genes mainly for preventing apoptosis and escaping the
host immune system. Surprisingly, not all miR-BARTSs
promote cell growth or inhibit apoptosis. Recently, some
studies reported that miR-BARTS exert their suppressive
function and “anti-cancer” activities [30]. In this sense, not
only all the genes encoded by EBV have oncogenes’
function but also some have tumor suppressor genes’
function.

EBER-1 is expressed abundantly in all forms of cells
latently infected with EBV (107 copies per cell), making
itself an appropriate target for detection of EBV [1, 31].
We used ISH to detect EBER-1 expression and found that
most of NPC patients expressed EBER-1. The difference
was very significant between NPC and non-NPC patients.
From the ROC curve, we could discriminate NPC and non-
NPC patients through analyzing the expression of EBER-1.
Simultaneously, we found that in different clinical stages,
T stages and N stages, the expression of EBER-1 was the
highest in clinical stage II, T2 stage and N1 stage. How-
ever, the expression of EBER-1 was the lowest in clinical
stage IV, T4 stage and N3 stage. These findings maybe
suggested the “hit-and-run” role for EBV in NPC and in
some rare subclone of proliferating cells that has sponta-
neously lost EBV at some point after tumor initiation but is
now capable of sustaining virus-independent growth and
may have a survival advantage through avoidance of
immune surveillance [32, 33]. All these results suggested
that EBER-1 plays an important role in NPC

@ Springer

carcinogenesis. However, the details of the mechanisms
that EBER-1 involved in NPC development and progres-
sion are poorly understood. A growing body of evidence
suggested that this small, highly expressed, non-coding
RNA plays significant roles in EBV-mediated oncogenesis
[31, 34]. Several reports indicated that EBERs can confer
an apoptotic-resistant phenotype in immortalized epithelial
cells and can support cell growth by stimulating insulin-
like growth factor (IGF-1) secretion in EBV-positive gas-
tric carcinoma and NPC cell lines [31]. Long non-coding
RNAs (IncRNAs) are molecules, often longer than 200nt in
length, with limited protein-coding capacity, a coding
potential often less than 100 amino acids [35-37]. Accu-
mulating evidence indicates that IncRNAs participate in
many important physiological processes by modulating
gene expression at the epigenetic, transcriptional, post-
transcriptional levels and some participate in carcinogen-
esis and cancer progression [37]. In fact, EBER-1 has
indeed some IncRNA characteristics. It has no exon and
ORF, 905 bp in length and does not encode any amino
acids. We previously reported that EBER-1 was strongly
negatively correlated with another human IncRNA,
LINCO00312 [38], in NPC, which suggests that EBER-1
could possibly regulate the expression of LINC00312
through some genes and signaling pathways, but the exact
mechanism by which this occurs requires further study. So
in our future studies, we will focus on the mechanism of
EBER-1 in NPC carcinogenesis.

In summary, our data reveal that EBER-1 maybe
involved in the progression of human nasopharyngeal
epithelial carcinogenesis and could discriminate NPC and
non-NPC patients. Moreover, positive expression espe-
cially high expression of EBER-1 in NPC is closely cor-
related with good prognosis of NPC patients.
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