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Abstract. Infection with Epstein-Barr virus (EBV) induces 
activation and proliferation of B lymphocytes. Detection 
of latent membrane protein (LMP)-1 is used to identify 
the proliferative ability of B cells. However, changes in the 
expression levels of the three LMPs during EBV-induced 
B lymphocyte transformation, have not yet been reported. In 
the present study, the expression levels of LMP-1, LMP-2A 
and LMP-2B were compared between EBV-transformed 
B lymphocytes and paired normal lymphocytes. Seven 
lymphoblast cell lines were established by EBV infection of 
normal human lymphocytes in vitro. The expression levels 
of LMP genes and LMP-1 protein were determined using 
quantitative (q)PCR and western blotting in lymphoblasts and 
normal lymphocytes, respectively. The expression of LMP1, 
LMP-2A and LMP-2B genes was significantly upregulated 
in EBV-induced lymphoblasts compared with the normal 
lymphocytes. The LMP-1 protein level was also significantly 
increased in EBV-transformed B lymphocytes. Expression of 
LMP1, LMP-2A and LMP-2B genes was significantly upregu-
lated in EBV-induced lymphoblasts, suggesting LMP genes 
are important in the transformation of human lymphocytes.

Introduction

Epstein-Barr virus (EBV) is a double-stranded DNA virus 
of the herpes family, that targets lymphocytes and is closely 
associated with multiple malignancies, including lymphoma, 
nasopharyngeal cancer and gastric cancer (1). Epithelial cells, 
lymphocytes and muscle cells are particularly vulnerable to 
EBV (2). Similar to other herpes viruses, EBV has the capacity 

to induce lytic and latent infection. Latent EBV infection 
results in the expression of only minimal numbers of viral 
proteins, but it is able to bypass host immune surveillance 
and thus carries a tumorigenic risk. Despite this, cytologists 
often encounter EBV-associated malignancies in cytological 
material, but in contrast to other herpes viruses, EBV does 
not evoke viral cytopathic effects, such as cell merging and 
necrosis (2). In vitro infection with EBV induces activation 
and proliferation of human B lymphocytes (3). EBV-specific 
cytotoxic CD8+ T cells are responsible for the clearance of 
EBV-infected lymphocytes by recognizing the virus-coded 
proteins and therefore the majority of EBV carriers are asymp-
tomatic throughout life (3). Expression of LMP-1 protein is 
associated with the proliferation of B lymphocytes. By 
contrast, LMP-1 protein is absent in latent infection with EBV 
type I and IIb, and infected cells have no inherent proliferation 
capacity (4). Therefore, LMP-1 expression is used to determine 
the proliferative ability of B lymphocytes.

Latent membrane proteins (LMPs) have three subtypes, 
LMP-1, LMP-2A and LMP-2B. Expression of the three genes 
during EBV-induced transformation of human B lymphocytes 
has not been investigated. In the present study, the expres-
sion of LMP-1, LMP-2A and LMP-2B genes in EBV-induced 
lymphoblasts and paired normal lymphocytes was compared 
to elucidate its significance during lymphocyte transformation.

Materials and methods

Blood samples. Peripheral blood was collected from seven 
healthy volunteers. The study was approved by the Ethics 
Committee of University of South China, Hengyang, China. 
Written informed consent was obtained from the patients. 
EBV infection status was detected with an ELISA kit (ADL 
Embedded Solutions Inc., San Diego, CA, USA) using the 
anti-EBV-VCA IgG antibody (ADL Embedded Solutions Inc.). 
DNA was extracted from the whole blood samples and the 
LMP-1 gene sequence (82 bp, GI: 896226) was expanded using 
polymerase chain reaction (PCR). The upstream primer of the 
LMP-1 gene was: 5'-CTG CTC ATC GCT CTC TGG AA-3' 
and the downstream primer was: 5'-AGA CAA GTA AGC 
ACC CGA AGA TG-3'. The PCR included 30 cycles of 94˚C 
for 4 min, 94˚C for 30 sec, 52˚C for 30 sec and 72˚C for 30 sec, 
and a final extension at 72˚C for 5 min. The PCR products 
were separated on 2% agarose gels. The results demonstrated 
EBV latency in the seven blood samples.
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Isolation of lymphocytes. Peripheral blood (50 ml) was 
collected from seven healthy volunteers. Normal PBLs were 
separated from fresh peripheral blood samples using human 
lymphocyte separation medium (catalogue no. LTS1077; 
Tian Jin Hao Yang Biological Manufacture Co., Ltd., Tianjin, 
China) and washed twice with RPMI-1640.

Isolation of EBV. The B95-8 marmoset cell line was kindly 
provided by the Cancer Research Institute, Central South 
University, Changsha, China and used as a source of EBV. The 
culture medium of B95-8 cells was replenished for the final 
time. The cell density was adjusted to 106-107/ml. The cells 
were starved for 10 days at 37˚C in 5% CO2 and were then 
centrifuged at 3,700 x g at 4˚C for 30 min. The supernatant 
was passed through a 0.45-µm filter and stored at -80˚C.

Preparation of lymphoblasts. A total of 2x106-3x106 lympho-
cytes were suspended in 2 ml RPMI-1640 culture medium 
supplemented with 25% fetal bovine serum (Gibco, Sydney, 
Australia) and 2 µg/ml cyclosporine A (Sandoz, Basel, 
Switzerland). The cells were transferred into a 24-well 
plate and incubated at 37˚C with 5% CO2 for one week. 
Subsequently, the lymphocytes were induced into lympho-
blasts that were enlarged and exhibited cell clustering. 
The culture medium was replenished every 3-4 days and 
~4 weeks later the cells were transferred into 25-ml flasks 
for further culture.

Quantatitive (q)PCR. Total RNA was extracted from lympho-
blasts, untreated lymphocytes and B95-8 cells using TRIzol 
reagent (Invitrogen Life Technologies, Carlsbad, CA, USA). A 
total of 2x106 cells were used for RNA extraction. The purity 
and integrity of the extracted RNA were examined using 
electrophoresis. RNA was reverse transcribed into cDNA 
(Promega Corporation, Madison, WI, USA) according to the 
manufacturer's instructions. The primers used in the qPCR 
are listed in Table I. The B95-8 cells that expressed the EBV 
genome were used as a positive control to establish the stan-
dard curve for qPCR. Each test was repeated twice.

Western blotting. Total protein was extracted from the cells 
using SDS lysis buffer (Beyotime, Shanghai, China) and quan-
tified using an Enhanced Bicinchoninic Acid Protein Assay kit 
(Beyotime). The protein was denatured at 95˚C for 10 min and 
then 50 µg was separated in 8-12% SDS-PAGE and transferred 
onto a nitrocellulose membrane (Beyotime). The membrane 
was blocked with 5% skimmed milk in Tris buffer (25 mM 

Tris-HCl, 150 mM NaCl and 0.05% Tween-20, pH 7.5). Mouse 
anti-LMP-1 monoclonal antibody (1:200; DakoCytomation, 
Glostrup, Denmark) and mouse anti-β-actin monoclonal 
antibody (1:1000; ComWin, Beijing, China) were added 
and the membranes were incubated at 4˚C overnight. Goat 
anti-mouse IgG (1:1000; ComWin) was used as a secondary 
antibody, incubated at room temperature for 2 h. Each test was 
performed in triplicate.

Statistical analysis. All the data are expressed as the 
mean ± standard deviation. Data were analyzed using one-way 
analysis of variance. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Lymphoblast morphology. EBV-transformed lymphoblasts 
(LCLs) were round or oval and enlarged in size compared with 
the normal lymphocytes (Fig. 1).

Expression of LMP genes. Melting curve analysis demon-
strated only one specific peak for LMP-1, LMP-2A and 
LMP-2B, indicating high specificity of the qPCR (Fig. 2).

PCR products of LMP genes were separated on 2% agarose 
gels, which revealed well-separated bands of the predicted 
sizes (Fig. 3).

Table I. Gene-specific PCR primer sequences (5'-3').

Gene name Forward primer Reverse primer Size (bp)

LMP-1 CTGCTCATCGCTCTCTGGAA AGACAAGTAAGCACCCGAAGATG   82
LMP-2A CGTCACTCGGACTATCAACCAC CTTCCTCTGCCCGCTTCTT 149
LMP-2B CGCCGTTTGACTGTTTGTG AGCAGCAGCGTCATGGAA 125
GAPDH GCACCGTCAAGGCTGAGAAC TGGTGAAGACGCCAGTGGA 138

PCR, polymerase chain reaction; LMP, latent membrane protein.

Figure 1. Epstein-Barr virus-induced lymphoblasts were round or oval, and 
the cells were clustered and suspended in the medium (magnification, x200).
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Table II. Expression levels of LMP genes as determined by qPCR 

Cell type LMP1 ± SD LMP-2A ± SD LMP-2B ± SD

Normal lymphocytes 2.414x10-4±1.080x10-4 2.97x10-4±1.64x10-4 6.40x10-5±3.04x10-5

Induced lymphoblasts 2.082x10-1±6.120x10-2 5.235x10-1±2.37x10-1 5.765±2.914

P<0.01 for LMP-1, P<0.05 for LMP-2A and LMP-2B; comparison between induced lymphoblasts and normal lymphocytes (n=7). LMP, latent 
membrane protein; qPCR, quantatitive polymerase chain reaction; SD, standard deviation.

Figure 2. Melting curves of quantitative polymerase chain reaction detecting the expression of (A) LMP-1; (B) LMP-2A and (C) LMP-2B, all of which had one 
specific peak each. LMP, latent membrane protein.

  B
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Expression levels of LMP-1, LMP-2A and LMP-2B in 
EBV-transformed lymphoblasts were 863-fold (P<0.01), 
1,763-fold (P<0.05) and 90,078-fold (P<0.05) of that in 
untreated lymphocytes, respectively (Table II).

Detection of LMP-1 protein levels. Western blotting demon-
strated that LMP-1 protein levels were significantly increased 
in EBV-transformed lymphoblasts compared with that in the 
normal lymphocytes (P<0.05; Fig. 4), which is consistent with 
the results of qPCR.

Discussion

EBV is considered to be associated with several malignan-
cies, including Hodgkin's lymphoma, NK-T cell lymphoma, 
Burkitt's lymphoma and nasopharyngeal cancer (5). Latent 
EBV infection induces the expression of three LMP proteins, 
LMP-1, LMP-2A and LMP-2B (6). LMP-1 is the major factor 
that induces transformation and tumorigenesis of B cells (7) 

and mimics the constitutionally activated receptor of tumor 
necrosis factor (TNF), CD40. LMP-1, via this TNF receptor, 
regulates cell proliferation and death (8) and is thus important 
in cell growth, differentiation and apoptosis. LMP-2A and 
LMP-2B are two isoforms of the LMP-2 protein expressed in 
B cells with latent EBV infection (9). LMP-2 proteins promote 
the development and progression of tumors (10). LMP-2A 
in particular, has been demonstrated to protect B cells from 
various proapoptotic mechanisms (11).

EBV latency in healthy carriers is usually asymptomatic. 
In the present study, it was identified that expression of LMP 
mRNA in normal lymphocytes was low at 10-4-10-5, which was 
significantly upregulated in the EBV-induced lymphoblasts at 
2x10-2. The expression levels of LMP mRNA were determined 
using qPCR.

The expression of the LMP-1 gene was significantly 
increased in the EBV-transformed lymphoblasts at the mRNA 
(863-fold; P<0.01) and protein levels compared with that in 
normal lymphocytes. Rasul et al (3) cultured mononuclear 
cells with the supernatant of B95-8 cells for 1.5 h to infect 
B cells with EBV. By using immunostaining and western 
blotting following seven days in culture, it was identified that 
the B cells expressing LMP-1 protein were mostly positive 
for Ki-67, while those not expressing LMP-1 protein demon-
strated a weak Ki-67 expression and were non-proliferative. 
Only EBV nuclear antigen (EBNA)-1 was expressed in cells 
with type I EBV latency, and these cells were nonprolifera-
tive and revealed a resting B cell phenotype, which was also 
observed in the control memory B cells in healthy individuals. 
B cells with type IIb EBV latency expressed all the EBNAs 
but not LMP-1, and these cells were also non-proliferative (4). 
Therefore, it was considered that the expression of LMP-1 is 
critical in the proliferation and transformation of B cells (12). 
EBV-induced immortal lymphoblasts promoted lymphoma 
genesis (13). Increased expression of LMP-1 mRNA and 
protein promoted the proliferation of NK/T lymphoma 
cells (14). LMP-1 expression is also a typical feature of R/S 
cells in Hodgkin's lymphoma and improves the survival and 
proliferation of R/S cells by altering the cellular phenotype 
and interacting with the surrounding microenvironment (3).

The mechanisms underlying the proliferation and trans-
formation of B cells promoted by LMP-1 may include the 
activation of cell signaling pathways and the increase in cell 
cycle activators. It has been demonstrated that LMP-1 activates 
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Figure 3. Polymerase chain reaction products of LMP genes on agarose gels. Lane 1, positive control (B95-8 cells); lane 2, paired untreated lymphocytes; 
lane 3, lymphoblasts. (A) LMP-1, 82 bp; (B) LMP-2A, 149 bp and (C) LMP-2B, 125 bp. LMP, latent membrane protein; M, marker.

Figure 4. LMP-1 protein levels in EBV-transformed lymphoblasts and 
normal lymphocytes. Western blotting revealed that LMP-1 protein levels 
were significantly increased in EBV-induced lymphoblasts compared with 
that in normal lymphocytes (P<0.01). Lane 1, normal lymphocytes; lane 
2, EBV-transformed lymphoblasts. LMP, latent membrane protein; EBV, 
Epstein-Barr virus.
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β-catenin via the phosphatidylinositol 3-kinase/AKT pathway, 
thus promoting the proliferation of EBV-infected B cells (7). 
LMP-1 regulates the expression of death-associated protein 
kinase 1 and activates nuclear factor (NF)-κB signaling 
in LCL cells, thus upregulating the MHC class I antigen 
processing pathway (8). LMP-1 also induces CD8+ T cell reac-
tion and bypasses immune surveillance (15). The expression of 
LMP1-induced protein (LMPIP) is increased in EBV-infected 
peripheral lymphocytes and LMP-1-transfected 293 cells. 
Nasopharyngeal carcinoma cells overexpressing LMPIP 
demonstrated a decrease in G1 phase cells and an increase in 
sub-G1 phase cells, accompanied by an increase in cell cycle 
activators cyclin D1 and cyclin-dependent kinase 4 (16). It has 
also been revealed that EBV promotes epithelial tumorigenesis 
by downregulating microRNA-203 via LMP-1 (17).

In the present study, it was identified that expression of 
LMP-2A in EBV-transformed lymphoblasts was 1,763-fold 
(P<0.05) of that in untreated lymphocytes, suggesting that 
LMP-2A is important in B cell transformation. LMP-2A 
maintains the persistence of EBV infection by inhibiting 
the activation of B cells. LMP-2A mRNA is consistently 
expressed in primary and metastasized nasopharyngeal 
cancer, suggesting that LMP-2A has an initiating role in 
EBV-associated malignancy (5). LMP-2A regulates the 
expression of tumor necrosis receptor-associated factor 2 
and thus modulates LMP-1-induced activation of the NF-κB 
pathway, finally preventing the apoptosis of lymphoma 
cells (18,19). LMP-2A induces expression of ΔNp63α and 
regulates the proliferation, transformation and differentiation 
of epithelial cells, which may promote the growth of malignant 
tumors (20). It has also been identified that LMP-2A promotes 
malignant transformation by enhancing the cell cycle, inhib-
iting apoptosis and regulating LMP-1 expression (11). These 
results suggest that LMP-2A is important in the processes of 
transformation and tumorigenesis.

It was also identified that the expression of LMP-2B in 
EBV-transformed lymphoblasts was 90,078-fold (P<0.05) 
greater than that in the untreated lymphocytes. LMP-2B 
modulates the activity of LMP-2A during the transformation 
of B cells and maintains persistent EBV latency together with 
LMP-2A (21). LMP-2B inhibits LMP-2A and prevents the 
potential lytic viral replication of EBV. In addition, upregu-
lated expression of LMP-2B promotes the progression from 
EBV latency to replicative infection (9).

In conclusion, LMP-2A and LMP-1 promote the prolif-
eration, survival and transformation of B cells. LMP-1 and 
LMP-2 are frequently expressed in EBV-associated lymphoma 
and epithelial carcinoma, and therefore may promote tumor 
progression.
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