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Abstract
AIM: To investigate the role of nuclear factor B (NF-B) in the regulation of Epstein-Barr virus (EBV) latent membrane protein 1 (LMP1) in EBV transformed cells. 

METHODS: LMP1 expression was examined in EBV transformed human B lymphocytes with modulation of NF-B activity. 

RESULTS: EBV infection is associated with several human cancers. EBV LMP1 is required for efficient transformation of adult primary B cells in vitro, and is expressed in several pathogenic stages of EBV-associated cancers. Regulation of EBV LMP1 involves both viral and cellular factors. LMP1 activates NF-B signaling pathway that is a part of the EBV transformation program. However, the relation between NF-B and LMP1 expression is not well established yet.  In this report, we found that blocking the NF-B activity by IB stimulated LMP1 expression, while the overexpression of NF-B repressed LMP1 expression in EBV-transformed IB4 cells. In addition, LMP1 repressed its own promoter activities in reporter assays, and the repression was associated with the activation of NF-B. Moreover, NF-B alone is sufficient to repress LMP1 promoter activities. 

CONCLUSION: Our data suggest LMP1 may repress its own expression through NF-B in EBV transformed cells and shed a light on LMP1 regulation during EBV transformation. 

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We find a classical feedback inhibition of Epstein Barr virus (EBV) Latent membrane protein 1 (LMP1) and nuclear factor B (NFkB): LMP1 activates NFkB, and NFkB inhibits LMP1 expression. The regulatory loop may benefit EBV transformation processes. 

Cao M, Wang Q, Lingel A, Zhang L. Nuclear factor B represses the expression of latent membrane protein 1 in Epstein-Barr virus transformed cells. World J Virol 2014; In press

INTRODUCTION
Epstein-Barr virus (EBV) is a human-herpesvirus that infects most humans without causing an obvious disease. However, EBV is associated with nasopharyngeal carcinoma (NPC), Hodgkin’s lymphoma, Burkitt’s lymphoma, post-transplantation lymphoproliferative diseases, and central nervous system lymphoma in certain healthy and immune-compromised hosts[1-3]. 
EBV transforms adult primary B cells into continually growing lymphoblastoid cell lines (LCLs) and concomitantly establishes type III latency in vitro[1]. Nine viral proteins are expressed, including six nuclear proteins (EBNA1, -2, -3A, -3B, -3C, and -LP) and three integral latent membrane proteins (LMP1, -2A, and -2B) plus EBERs[3,4]. 
EBV Latent membrane protein-1 (LMP1) is an integral membrane protein and acts as a constitutively active, receptor-like molecule[5]. LMP1 is required for the efficient transformation of primary B cells in vitro[6-8]. Also, LMP1 is able to transform rodent fibroblasts[9-11]. In addition, LMP-1 seems to be a central effector of altered cell growth, survival, adhesive, invasive, and antiviral potential in EBV transformed cells[12-18].
The NF-κB molecule plays a pivotal role in regulating a variety of biological processes, such as immunity, cell survival, and proliferation[19,20]. The NF-κB pathway can be regulated by many stimuli, and its activity is tightly controlled to ensure a transient response to infection or other stimuli. NF-κB transcription factors are homodimers or heterodimers of REL homology domain proteins p50, p52, RelA, RelB, or cREL[19,20].   LMP1 activates both canonical and noncanonical NF-κB pathways by the use of cellular signaling proteins, such as TNF-receptor-associated factors (TRAF)[21]. The functional importance of NF-κB is exemplified by the fact that the blockade of NF-κB triggers apoptosis of EBV-transformed lymphoblastoid cells[22]. 
Previously, there are several conflicting reports about the relation between NF-κB and LMP1[23-25]. During our study on NF-κB and LMP1, we found that NF-κB is likely to be the negative regulator for the LMP1 expression in EBV-transformed cells.  LMP1 may negatively regulate its own expression through NF-κB, which is a classical feedback loop. Our results may provide an insight in NF-κB’s role in viral transformation and add the complexity of viral gene regulation and their relation to transformation. 

MATERIALS AND METHODS
Plasmids, antibodies, and reporter assays 
Expression plasmids of LMP-1 and its signaling defective mutant, LMP-DM, were described previously[26]. The NF-κB expression plasmids (p65 and p50), and NF-κB reporter construct with two consensus recognition sites were gifts from Albert Baldwin. pCMV-beta-gal and renilla luciferase expression plasmids were purchased from Clontech. CD4 expression plasmid was provided by Dr. Jenney Ting. LMP1 promoter reporter construct, LMP-ISRE-luc and LMP-GAS-luc were described previously[27]. LMP-1 (CS1-4) antibody was purchased from Dako. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (0411) and IB (SC-371) antibodies were purchased from Santa Cruz Biotechnology. Tubulin antibody was purchased from Sigma (T6557). The luciferase and beta-galactosidase assays were performed by standard methods[27,28]. 

Cell culture, transfection, and inducible expression of IBα
The IB4 cell line was an EBV-transformed B cell line with type III latency and were maintained in RPMI 1640 plus 10% fetal bovine serum (FBS). 293T cells were human fibroblast cell line. The cells were maintained in DMEM plus 10% FBS. The inducible IB expression IB4 line was the gift from Drs. Kieff et al[22] and were maintained in RPMI160 + 10%FBS plus 1 μg/mL tetracycline. For the induction of IκBα, cells were washed three times with RPMI without tetracycline  and suspended in the media with or without tetracycline  at a concentration of 105 cells per ml as described[22]. Cells were analyzed within 24 hours after the initial inductions. The Electroporation (320 V; 925 μF) was used for the transfection of IB4 cells as described previously[11,29-31].  For transfection of 293T cells, the attractene transfection reagent (Qiagen) was used following manufacturers recommendations. 

Isolation of CD4 positive cells 
Enrichment for CD-4-positive cells was performed with the use of anti-CD-4-antibody conjugated to magnetic beads according to the manufacturer's recommendation (Dynal, Inc.). IB4 cells were transfected with CD-4 expression and other plasmids. One day after the transfection, the cells were used for isolation of CD-4-positive cells with the use of Dynabeads CD4 (Dynal Inc.) The transfected cells were incubated with Dynabeads CD4 at 72 μL of beads/107 cells for 15-30 min at room temperature with gentle rotation. CD4-positive cells were isolated by placing the test tube in a magnetic separation device (Dynal magnet). The supernatant were discarded while the CD4-positive cells were attached to the beads. The CD4-cells-attached beads were washed 3 times in phosphate-buffered saline plus 2% FBS. The isolated cells were used to prepare cell lysates immediately. Total time for isolation was approximately 30-40 min. No tetracycline was used in the process. 

Western blot analysis with enhanced chemiluminescence  
Separation of proteins on SDS-PAGE was carried out following standard protocol. After the proteins were transferred to a nitrocellulose or Immobilon membrane, the membrane was blocked with 5% nonfat dry milk in TBST (50 mmol/L Tris-HCl pH 7.5, 200 mmol/L NaCl, 0.05% Tween-20) at room temperature for 10 min. It was then washed briefly with TBST, and incubated with the primary antibody in 5% milk in TBST for 1 h at room temperature, or overnight at 4 °C. After washing with TBST three times (10 min each), the membrane was incubated with the secondary antibody at room temperature for 1 h. It was then washed three times with TBST, treated with ECL detection reagents, and exposed to Kodak XAR-5 film. 

Statistical analysis
Student t tests between groups of data were carried out with the use of Excell 2013. The statistically significant differences between the indicated samples were assessed by p values.  

RESULTS
Inhibition of NF-κB increased the expression of LMP1
To determine the role of NF-κB in LMP1 expression in EBV-transformed cells, we used an EBV-transformed LCL (IB4 cell line) in which expression of a degradation-resistant mutant IκBα that was regulated by tetracycline (Tet)[22]. We found that LMP1 was induced upon Tet removal (Figure 1). Moreover, the potential correlation between the induction of IκB and the expression of LMP1 was examined. Within six hours after culture in media lacking tetracycline (Tet− media), IκBα was induced to stable levels (Figure 1; Panel B), however at three hours post removal of Tet, the IκBα induction was not consistently detected (data not shown). Increase in IκBα expression was also detected during 6-24 h after induction. The endogenous LMP1 was associated with Tet-removal and IκBα inductions (Figure 1). Therefore, LMP1 is increased upon IκBα induction in IB4 cells. 

Overexpression of NF-B decreased the expression of LMP1
Next, we tested whether the activation of NF-κB itself would affect the expression of endogenous LMP1 in EBV transformed cells. NF-κB can be activated by many stimuli, however, the specificity of the treatment might vary significantly. Therefore, we chose to use the ectopic expression of NF-κB, or p65 and p50 simultaneous, in IB4 cells. The reason to choose IB4 as it is a parental line for the inducible IκB line. IB4 cells were transfected with the expression plasmids p65 and p50 at 1:1 ratio, and the transfected cells were enriched by CD4 selection (see “Materials and Methods” for detail). No tetracycline was involved as plain IB4 cells are used. Western blot analyses were used for detection of the expression of LMP1 in enriched transfected cells. The NF-B activity was increased and LMP1 was reduced in the NF-κB-transfected IB4 cells (Figure 2).  Therefore, the endogenous LMP1 is reduced upon NF-κB activation in EBV-transformed cells. 

LMP1 represses its own promoter activity 
It is well established that there is one functional NF-κB recognition site in LMP1 promoter and NF-κB binds to the site in the LMP1 promoter[23-25]. In addition, LMP1 activates NF-κB pathway through at least two independent domains[32]. We examined if LMP1 could repress the LMP1 promoter reporter constructs (Figure 3A). LMP-DM is an expression plasmid that has mutations in two functional domains of LMP1 for NF-κB activation[26]. The promoter reporter constructs and LMP1 or LMP-DM expression plasmid were co-transfected into 293T cells and the reporter activities were measured. As shown in Figure 3B, LMP1 was able to repress the LMP1 promoter reporter constructs. However, LMP-DM failed to repress the same reporter constructs, which correlated with that data that LMP-DM failed to activate NF-κB pathway (Figure 3C). Therefore, LMP1 represses its own promoter reporter constructs.

NF-B represses LMP1 promoter reporter construct
Next, we tested whether the activation of NF-κB alone would affect activities of the LMP1 promoter reporters. The promoter reporter construct and NF-κB (p65 + p50) expression plasmids were co-transfected into 293T cells and the reporter activities were measured. As shown in Figure 4, NF-κB activation alone was able to repress the LMP1 promoter reporter construct. The NF-κB-specific reporter construct was activated by the co-transfection of p65 and p50 expression plasmids, suggesting the NF-κB was functional (Figure 4B). 

DISCUSSION 
Both viral, such as EBNA2 and EBNA-LP, and cellular factors, such as IRF7, RBP-j, PU.1, and STAT are involved in the regulation of LMP1 in various EBV latencies and transformation processes[33-36]. LMP1 needs to be tightly regulated during viral transformation processes because LMP1 itself is a perplex protein with multiple functions, such as proliferative and anti-proliferative activities. The higher amounts of LMP1 may convert itself from a proliferative function to an anti-proliferative one[37].
Activation of NF-κB and the consequence of the action during viral transformation have been established clearly. NF-κB is required for the maintaining of the growth phenotypes of the transformed cells, and NF-κB seems to be responsible for most of the cellular changes during the transformation[38]. However, the relation between the NF-κB and LMP1 expression is somewhat unclear.  While it is clear that there is a NF-κB recognition site in LMP1 promoter and NF-κB is able to physically bind to the site, the exact function of NF-κB on LMP1 expression is in debate[23-25]. During our research on LMP1 and other cellular factor interactions, we find that: (1) inhibition of NF-κB enhances the endogenous LMP1 expression, and activation of NF-κB leads to reduced expression of endogenous LMP1 in EBV transformed cells (Figures 1 and 2); (2) LMP1 repressed the LMP1-promoter reporter construct activities, and the repression was correlated with NF-κB activities (Figure 3); and finally (3) NF-κB itself repressed the LMP1-promoter activities (Figure 4). From all the results, it seems that NF-κB is a negative regulator of LMP1 in type III latency or EBV transformed cells. Interestingly, when we used NF-κB inhibiting drug (BAY11-7082) for the LCL and found that the effects on LMP1 expression were not obvious (unpublished observations). We reasoned the side effects of chemical NF-κB inhibitor might influence the end results. Because our experimental approaches were based “solely” on NF-κB activation/inactivation, the results about NF-κB activation and LMP1 expression might be more reliable than a chemical activator and inhibitor of the NF-κB. Moreover, IB4 is a cell line transformed by EBV in vitro and has been used extensively in EBV research[22,39-43]. The results based on the IB4 cells might be more comparable to others researches. Of note that induction of IκB in terms of time course and LMP1 expression seems to be slightly different from the previous report[22]. We think the discrepancies might be due to the growth condition for the cells in various laboratories and passages numbers of the cells might be slightly different. Interestingly, we have found that the detection of the IB induction by IB antibody was more sensitive than the FLAG antibody (Data not shown).
As we mentioned above, there are several conflicting reports about LMP1 and NF-κB[23-25]. It is hard to reconcile with all the conflicting reports. We think the endogenous LMP1 levels, genetic differences in cell line used, the presence of other viral factors, type of assays, and promoter construct differences may all collectively caused the two quite different conclusions. We have used lines with high endogenous or ectopic LMP1 expression, therefore, the results may be most suitably extrapolated to type III latency or EBV transformed cells in vitro.  Because high LMP1 is detrimental for growth, the observed negative effects might make sense in the LMP1-high situations. Furthermore, NF-κB might have dual roles in various backgrounds. Our results are in line with one previous report[24]. 
Because the response activated by NF-κB is so potent, tight regulation of the NF-κB activity is needed. There are many mechanisms for NF-κB signaling to be terminated to prevent potential tissue pathology due to prolonged expression of inflammatory mediators[44]. Fortunately, many of the NF-κB target genes encode inhibitors of the signaling pathways, which allow the inflamed tissues to reset to normal function once the danger has passed[44]. LMP1-mediated NF-κB activation seems to be the major mediator affecting cell expression programs in EBV-infected cells. The negative regulation of LMP1 expression by NF-κB would offer EBV a feedback inhibition to fine adjust NF-κB activity.
As NF-κB, LMP1 molecule per se is also need to be tightly regulated as it has both pro- and anti-proliferative effects[37]. The negative roles of NF-κB in regulation of LMP1 may offer EBV a feedback inhibition for its own LMP1 expression. The feedback loop between NF-κB and LMP1 might be important for the control of NFB as well as LMP1 activities, and eventually EBV transformation as a whole.   
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COMMENTS
Background  
Epstein-Barr virus (EBV) is a human herpesvirus with increasing medical significances. EBV is associated with many cancers and able to transform adult primary B cells into continually growing lymphoblastoid cell lines (LCL). EBV Latent membrane protein-1 (LMP1) is an integral membrane protein and acts as a constitutively active, receptor-like molecule. LMP1 is required for the efficient transformation of human primary B cells in vitro and possibly in vivo. In addition, LMP-1 seems to be a central effector of altered cell growth, survival, adhesive, invasive, and antiviral potential in EBV transformed cells. The NF-κB molecule plays a pivotal role in regulating a variety of biological processes, such as immunity, cell survival, and proliferation. The NF-κB pathway can be regulated by many stimuli, and its activity is tightly controlled to ensure a transient response to infection or other stimuli. The functional importance of NF-κB is exemplified by the fact that the blockade of NF-κB triggers apoptosis of EBV-transformed cells. 

Research frontiers
The relation between EBV and NF-κB, especially LMP1 and NF-κB, has been extensively studied. Other than the involvement in the EBV transformation, it is apparent that NF-κB regulates LMP1 expression via a well conserved binding site in LMP1 promoter region, however how the end results of the regulation is confusing.  There are several conflicting reports about the relation between NF-κB and LMP1

Innovations and breakthroughs 
During our study on NF-κB and LMP1, we found that NF-κB is likely to be the negative regulator for the LMP1 expression at least in EBV-transformed cells. LMP1 may negatively regulate its own expression through NF-B, which is a classical feedback loop. 

Applications
Our results provide an insight in NF-κB’s role in viral transformation and add the complexity of viral gene regulation and their relation to transformation. This will be useful to determine the therapeutic potential and benefit of drugs that targeting NF-κB and/or LMP1 in EBV-associated cancers.

Terminology
Both EBV LMP1 and NF-κB are proteins involved in the process called viral transformation in which normal cells are converted into cancerous ones by a virus. Such a mechanism is crucial in viral pathogenesis. Non-surprisingly, EBV LMP1 and NF-κB has a classical regulatory loop.

Peer review
The study design and paper writing are OK. The methods provided in this study are corrected.
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Figure 1 Blockage of NF-κB increases the expression of latent membrane protein 1 in Epstein-Barr virus-transformed cells. Inducible IκB-expression IB4 line were washed three times with fresh RPMI1640 medium, and re-suspended in tetracycline (Tet) plus or minus medium. Cells were isolated at indicated time, and used for Western blot analysis with indicated antibodies. The expression of latent membrane protein 1 (LMP1) was shown in (A) and the expression of IB was shown in (B). The same membrane was stripped and reprobed with other antibodies. The images in the same box indicate that they are derived from the same membrane. 
[image: ]
Figure 2 Overexpression of NF-κB decreases the expression of latent membrane protein 1 in Epstein-Barr virus-transformed cells. IB4 cells were transfected with CD4 expression plasmid along with pcDNA3 (vector) or NF-κB expression plasmids (p50 and p65 expression plasmids at 1:1 ratio). One day after the transfection, the transfected cells were enriched using the CD4 magnetic beads (see Materials and Methods for detail), and the cell lysates were used for Western blot analysis. The identity of the proteins is as shown. The right panel: IB4 cells were transfected with the indicated plasmid as shown at the top along with NF-κB specific reporter construct and Renilla luciferase reporter plasmid. One day later, luciferase and Renilla luciferase activities were measured. Relative promoter reporter activities are shown. 



Figure 3 Latent membrane protein 1 negatively regulates its own promoter activity. A: Schematic diagram of Epstein-Barr virus (EBV) latent membrane protein 1 (LMP-1) promoter reporter constructs. RNA start site is shown. The drawing is not to scale; B: 293T cells were transfected with LMP1 promoter reporter construct and expression plasmid (0.01, 0.05, and 0.1 μg) as shown at the top. The LMP-DM has mutations in the critical domains in LMP1 for signaling.  Cell lysates were used for the luciferase and β-galactosidase assays. Relative promoter reporter activities (luciferase/β-galactosidase) are shown. The results represented an average of triplicate transfections; Standard error bars are shown. Results from one representative experiment are of shown. The asterisk denotes statistically significant differences between the indicated samples. aP < 0.05; bP < 0.01; C: 293T cells were transfected with the indicated plasmid as shown at the top. NF-κB specific reporter construct was used. One day later, luciferase and β-galactosidase activities were measured. Relative promoter reporter activities are shown. 



Figure 4 NF-κB represses latent membrane protein 1 promoter activity. A: 293T cells were transfected with latent membrane protein 1 (LMP1) promoter reporter construct and NF-κB expression plasmid (0.05 and 0.1 μg; p65 and p50 at 1:1 ratio) as shown at the top.  Cell lysates were used for the luciferase and β-galactosidase assays one day later. Relative promoter reporter activities (luciferase/β-galactosidase) are shown. Standard error bars are shown. The asterisk denotes statistically significant differences between the indicated samples. aP < 0.05; bP < 0.01; B: 293T cells were transfected with the indicated plasmid as shown at the top. NF-κB specific reporter construct was used. One day later, luciferase and β-galactosidase activities were measured. Relative promoter reporter activities are shown. 
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