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Abstract

Background: Epstein-Barr virus (EBV) infection has been associated with lymphoma development. EBV latent membrane
protein 1 (LMP1) is essential for EBV-mediated transformation and progression of different human cells, including
lymphocytes. This meta-analysis investigated LMP1 expression with prognosis of patients with lymphoma.

Methodss: The electronic databases of PubMed, Embase, and Chinese Biomedicine Databases were searched. There were 15
published studies available for a random effects model analysis. Quality assessment was performed using the Newcastle-
Ottawa Quality Assessment Scale for cohort studies. A funnel plot was used to investigate publication bias, and sources of
heterogeneity were identified by meta-regression analysis. The combined hazard ratios (HR) and their corresponding 95%
confidence intervals of LMP1 expression were calculated by comparison to the overall survival.

Results: Overall, there was no statistical significance found between LMP1 expression and survival of lymphoma patients
(HR 1.25 [95% Cl, 0.92-1.68]). In subgroup analyses, LMP1 expression was associated with survival in patients with non-
Hodgkin lymphoma (NHL) (HR =1.84, 95% Cl: 1.02-3.34), but not with survival of patients with Hodgkin disease (HD) (HR =
1.03, 95% Cl: 0.74-1.44). In addition, significant heterogeneity was present and the meta-regression revealed that the
outcome of analysis was mainly influenced by the cutoff value.

Conclusions: This meta-analysis demonstrated that LMP1 expression appears to be an unfavorable prognostic factor for
overall survival of NHL patients. The data suggested that EBV infection and LMP1 expression may be an important factor for
NHL development or progression.
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Introduction ever, the mechanism of how EBV infection causes lymphomas
remains to be elucidated.

Latent membrane protein 1 (LMPI1) is an integral transmem-
brane protein that is encoded by EBV and contains three domains:

Lymphoma, the most common form of hematological malig-
nancy in the world, originates from lymphocytes [1]. Lymphoma
can be classified into Hodgkin disease (HD) and non-Hodgkin
lymphoma (NHL), while NHL can be further divided into natural
killer cell and T cell lymphoma (NK/TCL), and B cell lymphoma
[1]. Lymphoma is one of the top ten most frequently diagnosed
cancers and cancer deaths in China. The incidence and mortality
of lymphoma in the Chinese population is approximately 6.06/
100,000 and 3.64/100,000, respectively [2]. Among different risk
factors for developing lymphoma, Epstein-Barr virus (EBV) latent
infection has been shown to plays an important causitive role, and
EBV has been implicated in development of a wide range of
lymphoproliferative disorders [3,4]. EBV infection has been
reported to be associated with Hodgkin’s lymphoma, Burkitt’s
lymphoma, and central nervous system lymphoma [1-4]. How-

an N-terminal cytoplasmic tail, six transmembrane-spanning
loops, and a C-terminal cytoplasmic region [5]. Functionally,
LMP1 is essential for EBV-mediated growth transformation of
infected cells, and the C-terminal region of LMP1 protein can
trigger a variety of signaling pathways in cells such as NF-kB and
JAK/STAT to regulate the cell proliferation, immortalization, and
invasion of lymphoma cells [6,7]. Therefore, LMP1 expression has
been suggested to have oncogenic effect in the development and
progression of EBV-related lymphomas [8,9]. Thus, clinically,
detection of LMP1 expression is attracting considerable attention
as a prognostic predictor and a novel target for anti-lymphoma
therapy [10]. However, to date, there has been no systematic study
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Table 1. Newcastle-Ottawa quality assessment scale.

A Meta-Analysis of LMP1 in Lymphoma

Contents Items

Selection (1) Representativeness of the exposed cohort

a) truly representative of the average lymphoma patients (describe) in the community*
b) somewhat representative of the average lymphoma patients in the community*
) selected group of users (e.g., nurses, volunteers)

d) no description of the derivation of the cohort

(2) Selection of the non exposed cohort

b) drawn from a different source

a) secure record (e.g., surgical records)*
b) structured interview*
c) written self report

d) no description

a) yes*
b) no
Comparability

a) study controls for metastasis or recurrence®

Outcome (1) Assessment of outcome (Death or recurrence)
a) independent blind assessment*
b) record linkage*
) self report

d) no description
a) yes (3 year )*

b) no
(3) Adequacy of follow up of cohorts

d) no statement

a) complete follow up - all subjects accounted for*

a) drawn from the same community as the exposed cohort*

c) no description of the derivation of the non exposed cohort

(3) Ascertainment of exposure (Proof of lymphoma and LMP1 measurement)

(4) Demonstration that outcome of interest was not present at start of study

(1) Comparability of cohorts on the basis of the design or analysis

b) study controls for any additional factor (Age, stage, type, etc)*

(2) Was follow-up long enough for outcomes to occur (Death or recurrence)

b) subjects lost to follow up unlikely to introduce bias — small number lost - (25%) follow up, or description provided of those lost*

¢) follow up rate (<75%) and no description of those lost

question relevant to this study.
doi:10.1371/journal.pone.0060313.t001

to estimate the prognostic impact of LMP1 expression on clinical
outcome of lymphoma. Further, studies are lacking on approaches
to target LMPI protein to effectively prevent EBV infection or
eliminate the effects of EBV on lymphocytes.

To explore the association between LMP1 expression and
clinical outcome in lymphoma patients, we performed a meta-
analysis. We collected 15 published studies to objectively evaluate
the prognostic significance of LMP1 expression in patients with
lymphoma. Furthermore, the quality and publication bias of this
study, and the extent and sources of heterogeneity in the published
literature were also evaluated and analyzed.

PLOS ONE | www.plosone.org

A study can be awarded a maximum of one star (*) for each numbered item within the Selection and Outcome categories. A maximum of two stars can be given for
Comparability. Underlined and quoted phrases are provided in the scale to allow for adjustment to particular studies. Text in italic indicated our interpretation of the

Materials and Methods

Literature search and study selection

The electronic databases of PubMed, Embase, and Chinese
Biomedicine Databases were searched for published studies that
investigated the prognostic significance of LMP1 in lymphoma to
be able to include in this meta-analysis (last search was performed
in April, 2012). Research work was examined without language
limits, and were identified by using the following keywords:
“lymphoma,” “lymphoproliferative disorders,” “EBV,” “LMP1,”
“biomarker,” “‘survival,” “prognostic factor”, and “prognosis”
separately and in combination. The references of all publications
and reviews were then reviewed and re-searched to prevent
missing any relevant publications.
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Records identified through
English databases searching
(n =408)

Additional records identified
through Chinese databases
searching (n = 40)

l

l

Records after duplicates removed
(n=111)

l
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Records screened
(n=111)

A 4

Records excluded

(n=176)

l

Full-text articles assessed for
eligibility (n = 35)

Studies included in

qualitative synthesis
(n=15)

Studies included in

Full-text articles
excluded, with
reasons (n = 20):
l 12 prognostic
evaluation with
more than LMP1
expression, 4
without sufficient
data, 2 reviews, 1
not about overall
survival, 1
duplication

qualitative synthesis
(meta-analysis)
(n=15)

Figure 1. PRISMA flow diagram for selection of studies in the meta-analysis.

doi:10.1371/journal.pone.0060313.g001

Study inclusion/exclusion criteria

Studies eligible for inclusions in this meta-analysis were based
on the following criteria: 1) Evaluated expression or amplification
of LMP! in lymphoma tissues by using immunohistochemistry
(IHC) or quantitative real-time polymerase chain reaction (q-
PCR); 2) Association of LMP1 expression or amplification with
overall survival of lymphoma patients; and 3) Statistical analysis of
hazard ratios (HRs) for overall survival based on LMP1 expression
or amplification, which was either reported directly or was able to
be retrieved from the data provided in the studies. However, if the
studies on the same patient populations were reported in different
publications, only the latest or the most completed publication was
included in this meta-analysis. Two researchers independently
assessed eligibility of every study and resolved any disagreements
by a consensus reviewer.

Quality assessment of primary publications

Quality assessment was first performed in each of the included
publications by two independent reviewers using the Newcastle-
Ottawa Quality Assessment Scale for cohort studies (Table 1) [11].
This scale is an eight-item instrument to allow assessment of
patient population and selection, study comparability, follow-up,
and outcome of interest. Interpretation of this scale was performed

PLOS ONE | www.plosone.org

by awarding points, or ‘stars’, for high-quality elements. Stars were
then added up and used to compare study quality in a quantitative
manner.

Definition of outcomes and comparisons

The primary data consisted of overall survival in all studied
populations, and further subgroup comparisons that were carried
out by ethnicity, histological types, cutoff value, HR estimate, the
primary antibodies used, literature written language and statistical
methods. The effective value on overall survival was determined
by the combination of the log hazard ratio (HR) and associated
standard error. If the HR data and 95% confidence intervals (CI)
were not directly reported in the original studies, such data were
then extracted from the Kaplan-Meier survival curve and
estimation of the HR was performed using the method of Tierney
etal [12], or data were calculated from other available information
in the original studies by following the process described by
Parmar et al [13].

Statistical analysis

Statistical heterogeneity assessment was performed by using a
¥2-based test and evaluation of the inconsistency index (1% [14].
The I? statistic is defined as the percentage of variability due to
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Study %
D HR (95% CI) Weight
NHL I
Kanemitsu (NK/TCL) (2012) - ; 0.19(0.04,095  2.77
Paydas (NHL) (2008) TR 199(1.33,297) 992
]
Cao (NK/TCL) (2008) [ ——— 206(1.01,422) 7.6
]
Tshii (NK/TCL) (2007) : - 6.41(1.86,22.14)  3.95
Cao (NHL) (2003) e 190 (1.01,3.55)  7.89
Subtotal (I-squared = 66.4%, p = 0.018) < 1.84(1.02,3.34) 3168
:
HD :
Keresztes (HD) (2006) e 134 (0.89,2.00)  9.89
Claviez (HD) (2005) - 118 (103,135 1177
Quijano (HD) (2004) —_— 0.69(0.40,1.19)  8.63
1
Krugmann (HD) (2003) —1— 1.72(0.71,4.19) 587
Herling (HD) (2003) i 134 (0.42,430) 429
Stark (HD) (2002) ———— 320(1.28,802) 567
Glavina-Durdov (HD) (2001) —_— 0.58(0.24,141) 589
Montalban (HD) (2000) —_— 0.35(0.13,090) 535
Enblad (HD) (1999) - 236(0.81,682) 479
Morente (HD) (1997) ——| 039(0.17,092)  6.17
Subtotal (I-squared = 65.2%, p = 0.002) <> 103(0.74,1.44) 6832
]
i ]
Overall (I-squared = 71.4%, p = 0.000) <;> 125 (0.92,1.68)  100.00
]
NOTE: Weights are from random effects analysis ;
1 1
1 15

Figure 2. Forest plot of the hazard ratios (HR) and 95% confidence intervals (Cl) of each study on association of LMP1 expression
with lymphoma (random-effect model) and with histological types of lymphomas.

doi:10.1371/journal.pone.0060313.g002

heterogeneity rather than the chance, with values>50% repre-
senting the possibility for substantial heterogeneity; in such a case,
the random-effects model was used [15]. Otherwise, a fixed effects
model was used (I?<50%) [16]. The combination of the estimated
risk was obtained by calculating a weighted average of the log
(HR) estimates. A combined HR>1 implied a worse survival for
the group with LMP1 overexpression. The unfavorable impact of
LMP1 on survival of lymphoma patients was considered as
statistically significant if the 95% CI for the combined HR did not
overlap 1. The significance of the pooled HR was determined by
the Z test, and a p-value of less than 0.05 was considered as
statistically significant. Assessment of publication bias was
performed for each of the pooled studies using the Egger’s and
the Begg’s test [17]. Quantitative evaluation of sources of
heterogeneity was performed by meta-regression analysis [18].
For assessing the stability of the outcomes, sensitivity analysis was
performed by deleting each individual study in the meta-analysis
to detect the influence of a single data set on the pooled HR [19].
Statistical analyses were carried out by using STATA Version 12.0
(Stata Corporation, College Station, TX).

PLOS ONE | www.plosone.org

Results

Selection and characteristics of the published studies
Through our initial literature search, we identified 111 studies
that investigated the association of LMP1 and lymphoma. After
screening the publication titles or abstract by two investigators, 76
studies were excluded because these publications were irrelevant to
the current analysis, review articles, i vitro studies, or duplicate
reports. The remaining 35 potentially eligible studies [20-54] were
subjected to full-text evaluations. We found that 12 studies not
only evaluated prognosis value of LMP1 expression, but also other
parameters, such as the association between the expression of
EBV-encoded Epstein-Barr virus early RNAs (EBERs) and the
prognosis of lymphoma; thus, data on LMPI expression and
survival were not able to be specifically retrieved [35-46]; 4 studies
were lacking relevant and convincing survival data [47-50]; 2
studies were review papers without actual data [51,52]; one study
was lack of data on overall survival [53], and another study was
duplicate reported [54]. Thus, we obtained 15 studies with 2288
patients that met our inclusion criteria for this meta-analysis [20—
34]. The study design and procedures were shown in Figure 1 and
the main outcome data of these 15 studies were listed in Table 2.
The points of study quality assessed by Newcastle-Ottawa quality

April 2013 | Volume 8 | Issue 4 | 60313
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assessment scale ranged from 3 to 7 (with a mean of 4.93), with
higher value indicating better methodology.

In brief, we found that of these 15 publications, four studies
were conducted in Asia, and 11 studies were conducted in either
Europe or South America (non-Asian). 13 studies were written in
English, one in Chinese and one in Spanish. In terms of histology
of lymphoma studied, five publications reported NHL (three were
NK/TCL and two were mixed T and B cell lymphomas and rest
of the 10 studies were HD. Furthermore, 14 studies investigated
LMP1 expression in stage I-IV lymphomas using immunohisto-
chemistry, where one study detected LMP1 expression using g-
PCR in stage I-Il and IV lymphomas. Of 14 studies with
immunohistochemistry, 11 assessed LMP1 expression by using the
monoclonal CS1-4 antibody as the primary antibody. However,
only four studies provided the accurate cutoff value for positive
cytoplasmic staining of LMPI in lymphoma tissues. In addition,
three studies reported LMP1 as a predictor of favorable prognosis,
whereas six studies suggested LMP1 protein as the poor prognosis
indicator, but the remaining six studies showed no significant
impact of LMP1 expression on overall survival of lymphoma
patients.

Meta-analysis

Using these 15 studies we conducted quantitative aggregation of
the survival data, the main results of each meta-analysis are
presented in Table 2. Since significant heterogeneity was detected
in these studies, we performed the random-effects model analyses
of these 2288 patients. The combined HR was 1.25 ([95% CI:
0.92-1.28]; 1°=71.4%) of LMPI expression in lymphoma
(Figure 2). Furthermore, there was no statistical association of
LMP1 expression with worse prognosis of all lymphoma patients.

PLOS ONE | www.plosone.org

Table 3. The results of summarized HRs in overall and subgroup analyses of survival and the results of meta-regression.
No. Studies No. Patients LMP1:HR (95% CI)  Heterogeneity Test Meta regression Test
Ratio of
P 2 P-value  P-value HR 95% ClI

All Studies in Lymphoma 15 2288 1.25 (0.92-1.68) 48.91 71.4% 0.000
Ethnicity

Asian 4 173 1.69 (0.66-4.33) 11.87 74.7% 0.008 0.391 1 1

Non-Asian 11 2115 1.13 (0.82-1.54) 32.62 69.3% 0.000 = 0.67 0.47-3.40
Histology

NHL 5 321 1.84 (1.02-3.34) 11.89 66.4% 0.018 0.216 1 1

HD 10 1967 1.03 (0.74-1.44) 25.83 65.2% 0.002 - 0.56 0.53-2.07
Cutoff Value

Report 4 291 2.14 (1.55-2.95) 3.28 8.7% 0.350 0.043 1 1

Non-Report 1 1997 0.97 (0.69-1.37) 30.73 67.5% 0.001 = 0.45 0.60-1.54
HR Estimate

HR Reported Directly 2 250 0.37 (0.20-0.70) 0.03 0.0% 0.869 0.271 1 1

HR Calculated from 6 739 1.24 (0.60-2.53) 14.13 64.6% 0.015 - 335 0.05-0.30

Survival Curves

HR Calculated by Log 7 1299 1.51 (1.10-2.07) 20.72 71.0% 0.002 = 4.08 0.01-0.04

rank+P
Written Language

English written 13 2166 1.27(0.91-1.78) 42.72 71.9% 0.000 0.876 1 1

Non English written 2 122 1.13(0.42-3.05) 5.69 82.4% 0.017 - 0.89 0.41-4.74
NHL = non-Hodgkin lymphoma; HD = Hodgkin lymphoma or Hodgkin disease; NK/TCL = natural killer cell and T cell lymphoma; IHC =immunohistochemistry; HR=
hazard ratios.
doi:10.1371/journal.pone.0060313.t003

If grouped according to histology, the combined HR of NHL
subtype was 1.84 (95%CI: 1.02-3.34), suggesting a significant
association of LMPI1 expression with worse NHL prognosis,
whereas the combined HR of HD patients was 1.03 (95%CI:
0.74-1.44), indicating lack of an association of LMPI expression
with HD prognosis.

Moreover, we performed subgroup analyses according to
ethnicity, cutoff value of LMP1 expression levels, HR estimation
and written language. The data are shown in Table 3. Briefly,
there was a statistically significant association of LMP1 expression
with overall survival of lymphoma patients from four studies that
used a specific cutoff value for LMP1 expression (HR, 2.14 [95%
CIL: 1.55-2.95], I =8.7%). However, such an association disap-
peared in the rest of 11 studies that did not use a cutoff value (HR,
0.97 [95% CI: 0.69-1.37], I =67.5%). Moreover, the combined
HR between LMP1 expression and overall survival of patients was
0.37 (95% CI: 0.20-0.70, I = 0.0%), when the survival data were
directly reported in the studies. In contrast, when the survival data
calculated through log rank plus P method, the combined HR of
LMPI expression was 1.51 (95% CI: 1.10-2.07, I*=71.0%).
There was no association between LMP1 expression and survival
of patients, when the survival data were indirectly calculated from
Kaplan-Meier based survival curves (HR 1.24 [95% CI: 0.60-
2.53], 1?=64.6%). There was no statistical significance found
between Asian (HR 1.69 [95% CI: 0.66-4.33], I =74.7%) and
non-Asian (HR 1.13 [95% CI: 0.82-1.54], 1?=69.3%), or
between English written studies (HR 1.27 [95%CI: 0.91-1.78],
I? =71.9%) and non-English written studies (HR 1.13 [95% CI:
0.42-3.05], I? =82.4%).
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Begg’s funnel plot with pseudo 95% confidence limits
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Egger’s publication bias plot
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Figure 3. Funnel plots of Begg and Egger’s tests. Publication bias on overall estimation was evaluated. Studies are symmetrical
distributed approximately above and below the horizontal line, and suggest the absence of publication bias in this meta-analysis.

doi:10.1371/journal.pone.0060313.g003

Heterogeneity and sensitivity analyses

Substantial heterogeneity was exhibited in overall HR of LMP1
expression in these lymphoma studies (I = 71.4%). To explore the
potential sources of heterogeneity, we gathered information on
ethnicity, histology, cutoff value, HR estimate and written
language with the meta-regression model (Table 3). The meta-
regression data showed that the consequence of analysis was
mainly influenced by cutoff value (P =0.043). Furthermore, in the
sensitivity analysis, no individual study influenced the pooled HR
qualitatively, which indicates the stable outcomes of this meta-
analysis.

Publication bias

The Egger’s test and Begg’s funnel plot were applied to evaluate
publication bias in this meta-analysis. With all 15 included studies,
no funnel plot asymmetry was found (p =0.940 using the Egger’s

PLOS ONE | www.plosone.org

test; Figure 3), indicating there was no evidence of publication bias
detected 1in this study.

Discussion

Meta-analysis is a method that contrasts and combines data
from various individual studies to identify useful and insightful
information on a particular topic. Advantages of meta-analysis
include the ability to generalize data from individual studies with a
greater number of studied subjects, higher statistical power, and
being able to control for between-study variations and to show
whether any publication bias exists. However, meta-analysis does
have certain disadvantages. These disadvantages include the fact
that the study is based on published data, which are not controlled
by this analysis. Using this analysis, we are able to make much
clearer conclusion for the association of LMPI expression in

April 2013 | Volume 8 | Issue 4 | 60313



lymphoma patients. The results of this meta-analysis containing 15
studies demonstrated that LMP1 expression was associated with
over all survival of NHL patients, but not with HD patients. The
data may indicate that EBV latent infection may promote NHL
development or progression. Clinically, it is of a great interest to
identify prognostic markers for patients with lymphomas to assist
in clinical decision-making for therapy and prediction of
outcomes. Indeed, the association of EBV infection with lympho-
ma has been studied for a long time and the importance of EBV
infection has been shown to be limited to latent phase genes, and
that LMP1 is one of the most significant oncogenic proteins that is
linked to the etiology of lymphoma [7]. However, the prognostic
value of LMP1 expression in lymphoma is still inconclusive and
even controversial. Thus, our current data showed expression of
LMP1 protein was just associated with overall survival of NHL
patients. Indeed, our unpublished ex viwo data showed high
expression of LMP1 protein in surgically resected NK/TCL
lymphoma tissues using immunohistochemistry. In addition, we
have tried to generate different polyclonal or monoclonal anti-
LMP1 antibodies to assess their antitumor effects in nasopharyn-
geal carcinoma [55,56].

There was substantial heterogeneity among the studies in this
meta-analysis. For example, the characteristics of LMP1 in
predicting prognosis of lymphoma from these 15 studies were
contradictory, i.e., three studies reported LMPI as a predictor of
favorable prognosis, whereas six studies suggested LMP1 protein
as the poor prognosis indicator, but the remaining six studies
showed no significant impact of LMP1 expression on overall
survival of lymphoma patients. Therefore, in this meta-analysis, we
used a random effect model to assess the true value of LMPI
protein expression as a prognostic predicator. We found that the
potential cause of heterogeneity could be the different cutoff values
of LMP1 expression levels used in different studies. For example,
the method used to detect LMP1 expression in lymphoma was
immunohistochemistry in 14 of 15 studies. It is usually needed to
make a cutoff value to evaluate immunoreactivity of any protein
expression in tissue specimens. Thus, the subjective cut-off values
in each study affected the overall data on study of LMPI
expression in lymphomas. Similarly, one study using q-PCR to
detect expression of LMP1 DNA also applied a cutoff value. To
date, there is unfortunately no standardized scoring system for
detection and evaluation of gene expression using immunohisto-
chemistry or g-PCR. Instead, this analysis often comes with
arbitrary scoring system to set cutoff values for determining
posttivity [57,58]. In these 15 studies, only four studies presented
unambiguous cutoff values, while the rest did not. Thus,
substantial heterogeneity occurred. In addition, we also tried to
perform a fixed effect model using the 15 studies to assess the value
of LMP1 protein expression in lymphoma. The results were
contradictory in which statistical significance was not only
witnessed between LMPI expression in survival of lymphoma
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