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Abstract 

Glucose, is a major source of energy to the cell growth and energy production. During tumors formation and cancer cell 

growth glycolysis significantly increases as well as glucose uptake and therefore increase biosynthesis, in addition to 

many more metabolic changes. These transformations are known as “Warburg effect” in presence of adequate oxygen 

(aerobic glycolysis). 

LMP-1 regulates and promotes glycolysis through many pathways, genes, gene regulators, tumor suppressors, and 

enzymes such as PI3-K/Akt, Ras, mTOR, HIF‐1α, c-Myc, NF-κB, p53, GSK3beta, FBW7, FGFR1, the M2 splice isoform of 

pyruvate kinase PKM2, PDHK1, Hexokinase 2 HK2, VHL, and mutations of isocitrate dehydrogenase 1 (IDH1), succinate 

dehydrogenase (SDH), and fumarate hydratase (FH). 

The aim of this study is to analyze the most recent articles on how LMP1 can alter the signaling pathways of glycolysis in 

the nasopharyngeal carcinoma. 
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Introduction 

Epstein Bar Virus ‘EBV’ is a ubiquitous human 
herpesvirus, which infects almost the entire human adult 
population worldwide and with life-long persistence in 
the host. It is known to cause infectious mononucleosis 
and to be associated with several human malignancies, 
such as nasopharyngeal carcinoma (NPC), Burkitt's 
lymphoma (BL), mixed cellularity subtype Hodgkin's 
lymphoma (HL) and Extranodal natural killer/T-cell 
lymphoma (NKTL). EBV can be typed into A and B types 
based on large differences observed in nuclear protein 
genes including Epstein-Barr nuclear antigen type 2 

(EBNA2). Type A is more prevalent in the developed 
world whereas type B is encountered in equatorial Africa 
and Guinea. Type A EBV was predominant in NKTL in 
Korea, Japan and Malaysia (6), and more generally in Asia 
[1-5]. EBV can undergoes two types of infection, latent 
and lytic in order to achieve a persistent infection in 
human. The Latent Membrane Protein 1(LMP-1) is an 
essential viral protein for the maintenance of latent 
infection. 

 
LMP1is a membrane protein of 386 amino acids [6], 

comprises of an amino acid cytoplasmic N-terminus 
(amino acids 1-23), six hydrophobic alpha-helical 
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transmembrane regions (amino acids 24-186), and a large 
cytoplasmic C-terminus tail (amino acids 187-386) [7,8]. 
The N- and C- terminal domains as well as the alpha-
helical transmembrane regions. 

 
This structure makes LMP1a docking sites for 

signaling adaptor proteins, tumor necrosis factor 
receptor-associated factor (TRAF), and tumor necrosis 
factor receptor-associated death domain (TRADD) 
respectively activating a number of signaling pathways 
[8,9]. These pathways lead to the transformation of B-
cells into cancerous or immortals due to the activation of 
the nuclear factor kappa nuclear factor-kappa B (NF-B) 
which has been proven to be involved in the regulation of 
viral and cellular genes involved in proliferation and/or 
activation as well as protecting the cell from apoptosis by 
activating A20 gene [10]. CTAR3, which lies between 
CTAR1 and CTAR2, has been shown to recruit Janus 
kinase 3 (JAK3) which results in signaling transducer and 
activator of transcription type 3 (STAT3) activation which 
is involved in the transforming growth of B lymphocytes 
and has been studied as being a driving force for EBV 
gene expression in tumors [8,9,11] .  

 
LMP1 also functions in protecting the cell from 

apoptosis by inducing the expression of the B-cell 
lymphoma 2 (BCL-2) gene as well as inhibiting the 
metastasis suppressors, such as RE version inducing 
cysteine rich protein with kazal motifs 1 (RECK1) and E-
cadherin, and promoting angiogenesis through the 
induction of angiogenic factors such as the hypoxia-
inducible factor 1-α (HIF1), vascular endothelial growth 
factor (VEGF),fibroblast growth factor 2(FGF2), and the 
Cyclooxygenase-2 gene (COX2) [8,10,12-14]. 
Furthermore, it regulates the expression of Matrix 
Metalloproteases (MMP), such as MMP9 or MMP1 which 
are essential for the reorganization and degradation of 
the extracellular matrix that precedes the invasion [15]. 
Recently it has also been discovered that the LMP1 acts as 
a molecule modulating cell adhesion via the regulation of 
activin-A/TGF- and integrin 1 signalling [16].  

 
LMP1 has been described as an active receptor and is 

known as an equivalent to the CD40 receptor belonging to 
the TNF family since both have homologous functions 
[17]. Based on this property, LMP1 was able to partially 
replace CD40 in transgenic mice lacking CD40 [18,19]. 
Also, it cannot be disregarded, when studying pathologies 
associated with EBV, the fact that the signalling 
complexes engaged by the LMP1 may depend on the cells 
type. A new property concerning the oncogenicity of 
LMP1 has been demonstrated by the He team in 2016, 
and it is the upregulation of the expression of the protein 

TAZ which is an essential protein for the proliferation of 
cells [20]. 

 
During latency, a truncated form of LMP1 is found. The 

expression of LMP1, in general, is correlated with a poor 
survival prognosis for patients with NPC [21]. Several 
studies have tried to target this protein because of its 
major oncogenic power and, most recently, a promising 
preclinical study in a mouse model has shown that a 
therapeutic vaccine targeting the LMP1 protein could 
suppress tumor growth and metastasis in vivo [22]. 

 
LMP-1 regulates and promotes glycolysis through 

many pathways, genes, gene regulators, tumor 
suppressors, and enzymes such as PI3-K/Akt, Ras, mTOR, 
HIF‐1α, c-Myc, NF-κB, p53, GSK3beta, FBW7, FGFR1, the 
M2 splice isoform of pyruvate kinase PKM2, PDHK1, 
Hexokinase 2 HK2, VHL, and mutations of isocitrate 
dehydrogenase 1 (IDH1), succinate dehydrogenase (SDH), 
and fumarate hydratase (FH) [2-4].  

 
In order to achieve such excessive division during 

tumorigenesis in NPC, EBV-infected cells need energy. 
Recent studies have discussed how LMP1 mediate energy 
metabolism reprograming in these cells, by activating 
multiple signaling pathways leading to more aerobic 
glycolysis.  

 
In this Review, the authors discuss the most recent 

literature on how LMP1 alter the signaling pathways of 
Glycolysis during NPC pathogenesis.  
 

LMP1/NF-κB/ Glycolysis Signaling Pathways 

NF-kappaB (NF-κB) pathway is formed of a family of 
five eukaryotic nuclear transcription factors: RelA (p65), 
RelB and c-Rel, and the precursor proteins NF-κB1 (p105) 
and NF-κB2 (p100), which are processed into p50 and 
p52, respectively [23]. This pathway has an important 
role in controlling many cellular processes (cell growth, 
proliferation, survival, death and apoptosis, response to 
cellular stresses, physiological aspects of immune and 
inflammatory responses, regulating genes expression…). 
In addition, it is involved in several diseases (cancer, 
arthritis, chronic inflammation, asthma, 
neurodegenerative diseases, and heart disease) [23].  

 
In normal cells, NF-kB complexes (NF-κB bound to IκB 

proteins) are present in the cytoplasm in a latent inactive 
form, when activated the complexes enter the nucleus and 
activate gene expression. In mutated cells, the complex is 
located in the nucleus in an active form [24,25]. 
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NF-κB is an important signaling pathway activated by 
the EBV-encoded LMP1, in normal cell NF-κB can be 
activated through two distinct pathways: the canonical 
pathway (major or classical pathway) and the non-
canonical pathway (minor or alternative pathway) 
[26,27].  

 
LMP1 cytoplasmic carboxyl tail: C-terminal activating 

regions (CTAR1 and CTAR2) [28]. CTAR1 and CTAR2 
contribute with different abilities in NF-κB, mTORC1, 
AKT, MEK, ERK, and IKK (IKKα and IKKβ) activation, in 
addition to Glut-1 transcription [26,29-33]. 

 
In NPC, CTAR1 of LMP1 has a leading role in activating 

AKT, MEK, and ERK and also induce IKKα 
phosphorylation. On the other hand, CTAR2 of LMP1 has a 
leading role in activating mTORC1 through IKKβ-
mediated phosphorylation of Ser939 of tuberous sclerosis 
TSC2, as well as inducing Glut-1 transcription. However, 
mTORC1 signaling pathway could also be activated by 
phosphatidylinositol 3-kinase (PI3K)/AKT [29,34,35].  

 
Hence, both expression of LMP1 activates mTORC1 

signaling and NF-κB transcription in nucleus cells, the 
canonical pathway where CTAR2 is the key modulator, 
through the phosphorylation of IKKα by IKB kinase β 
(IKKβ), and the nuclear translocation of the p65/p50 
dimer complex. The non-canonical pathway where CTAR1 
is the key modulator, activates NF-κB transcription in the 
nucleus, through the phosphorylation of IKKβ, which 
mediates processing of p100-RelB by NIK, and generates 
the nuclear translocation of the p52/RelB dimer [36].  

 
Thus, and in case of NPC mTORC1/ NF-κBsignaling by 

LMP1 plays an essential role in modulating glucose 
metabolism [37]. mTORC1 is known for supporting cell 
growth by regulating energy metabolism. Furthermore 
LMP1, mTORC1, NF-κB, and Glut-1 interact to regulate 
aerobic glycolysis. As previouslymentioned, LMP1 
activates mTORC1 which induces NF-κB signaling 
activation and Glut-1 transcription [38]. mTORC1/ NF-κB 
signaling in LMP1-expressing cells accelerates glucose 
uptake, lactate production and aerobic glycolysis [29]. 
The principal of the previously stated pathways is 
illustrated in figure 1. 
 

LMP1/C-MYC/ Glycolysis Signaling Pathways 

C-Myc is a transcriptional factor and an 
antiproliferative genes inhibitor. This multifaceted 
oncogene also known as “master regulator” regulates 
many aspects of both processes: Cellular growth and 
Cellular metabolism.  

 

Its control can be both direct (increase of energetic 
supplies) and indirect (regulation of lipid, glutamine and 
glucose metabolism, mitochondrial and ribosomal 
biosynthesis) [39].  

 
c-Myc has an important function in tumors such as 

Burkitt’s lymphoma. In addition to being a downstream 
“early response” gene, it responds to the activation of 
many signaling pathways [40].  

 
Studies has shown that C-Myc regulates many glucose 

metabolisms via genes direct regulation, such as: GLUT1, 
Hexokinase 2 (HK2), phosphofructokinase (PFKM), and 
Enolase1 (ENO1) [41,42]. By regulating these genes, it has 
been known that c-Myc participates directly to the 
Warburg Effect [1]. During Hypoxia, ENO1 stimulates 
MBP1 to initiate a translation, then MBP1 regulates 
negatively C-Myc expression [43,44].  

 
Studies on mice have confirmed C-Myc’s direct effect 

on glycolytic activity. In fact, overproduction of lactic acid 
and high glycolytic enzyme activity were found in mice’s 
liver facing overexpressed c-Myc. On the other hand, 
overexpression ofLDH-A alone was found in transfected 
rodent fibroblasts, while those transformed by C-Myc 
overproduce lactate. This suggests that Warburg Effect 
can be induced by LDH-A (a downstream target of C-Myc) 
[45,46].  

 
GLUT-1 proteins facilitate the import of glucose across 

the lymphocyte cell membrane. The levels of glucose can 
be regulated by some tumor suppressors and oncogenes, 
such as C-Myc and RAS that induce GLUT-1 mRNA, but 
p53 suppresses the expression of GLUT1,3 and 4, while 
PI3K increases the expression of GLUT-1 and GLUT-3 
[47]. C-Myc was affirmed to be an essential 
transcriptional factor for LMP1 induced upregulation of 
HK2 and enhancement of glycolysis in NPC cells, and the 
LMP1-irritated PI3K/Akt-GSK3beta-FBW7 signaling axis 
results in settlement of C-Myc in NPC cells [48]. All of the 
previously stated is illustrated in figure I. 

 
Despite the fact that the fundamental instruments of 

the deregulation of glucose digestion in malignancy cells 
have not yet been totally illustrated, some tumor related 
genes such as c-Myc and HIF-1-alfa are known to take an 
interest in regulating energy metabolic reprogramming in 
malignancy cells. Decreased c-Myc levels conduct to a 
PTEN overexpression and gives cancer resistance by 
negatively controlling PI3-K/Akt pathway [49,50]. 

 
An unknown mechanism has been revealed recently 

for the LMP-1 upregulation of C-Myc and it also recognize 
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a PI2K/Akt-GSK3beta-FBW7- C-Myc signaling axis 
proving that when LMP-1 is present in NPC cells it 
increases glycolysis. Due to EBV infection, metabolic 
changes in cells will occur. In fact, the capacity of LMP-1 
to induce glycolytic catalysis adds to the noteworthiness 
of EBV in glucose digestion in NPC cells [48].  

 
The PI3K/Akt signal pathway acts for the most part by 

disturbing the stabilization of C-Myc. At the point when 
PI3K/Akt-GSK3beta-FBW7/c-Myc signaling axis is 
obstructed, C-Myctransactive the transcription of HK2, 
which causes an upregulation of glycolysis and presents a 
negative regulation on mitochondrial-dependent 
apoptosis, which relates the general survival of NPC 
patients [48]. The principal of the previously stated 
pathways is illustrated in figure I. 
 

LMP1/Glut- 1/ Glycolysis Signaling Pathways 

Glut-1 is a member of the glucose transporters family 
(Glut-1 to -4), which transports extracellular glucose into 
the cell across the plasma membranes, it is very low 
expressed in normal cells [1]. This transporter is 
overexpressed in many tumors, including hepatic, 
pancreatic, breast, esophageal, and many other types of 
cancer [51]. Glut-1 regulates aerobic glycolysis, cell 
growth, proliferation, apoptosis, colony formation, and 
anchorage-independent growth of LMP1-expressing cells 
[29]. Now it’s already established that an over-expression 
of GLUT mRNA and GLUT transporter are associated with 
diverse type on human cancer cell [52,53]. 

 
LMP1 promotes aerobic glycolysis by increasing 

glucose uptake. Furthermore, it regulates Glut-1 
transcription (mRNA and protein of Glut-1) through 
mTORC1 activation and PI3K/AKT, NF-κB, IKKβ, AKT 
signaling. Glut-1 gene is a direct target gene of NF-κB 
signaling [29]. 

 
Jing Chen et al found that the mTOR signaling pathway 

is regulated by LMP1 expression in NPC. LMP1 and the 
genes in the mTOR pathway such as p-P70S6K and p-
4EBP1 may be potential prognostic biomarkers [37]. 

 
Some transcription factors like Sp1 and HIF-1α also 

regulate Glut-1 transcription. The C-terminal activating 
region 2 (CTAR2) of LMP1, plays an essential role in 
mTORC1 activation, mainly through IKK -mediated 
phosphorylation of TSC2 at Ser939. Moreover,mTORC1 
regulates energy metabolism, and LMP1-induced NF-κB 
activation and Glut-1 transcriptionin NPC cells [29,54]. 
The principal of the previously stated pathways is 
illustrated in figure I. 
 

LMP1/ Hypoxia-Inducible Factor (HIF)/ 
Glycolysis Signaling Pathways 

Hypoxia-inducible factor (HIF), a central regulator for 
detecting and adapting to cellular oxygen levels, 
transcriptionally activates genes modulating oxygen 
homeostasis and metabolic activation [55]. Beyond this, 
HIF influences many other processes. Hypoxia, in part 
through HIF-dependent mechanisms, influences 
epigenetic factors, including DNA methylation and histone 
acetylation, which modulate hypoxia-responsive gene 
expression in cells [55]. 

 
It has shown that the principal EBV oncoprotein, latent 

membrane protein 1 (LMP1), activates HIF1A and 
subsequently expression of HIF1-responsive genes in 
epithelial cells [56].  

 
LMP1 up-regulates the level of Siah1 E3 ubiquitin 

ligase by enhancing its stability, which subsequently 
induces proteasomal degradation of prolyl HIF-
hydroxylases 1 and 3 that normally mark HIF1A for 
degradation [56].  

 
Wakisaka et al report that expression of HIF-1α is 

increased in diverse Epstein-Barr virus (EBV)-infected 
cell lines, which express EBV latent membrane protein 1 
(LMP1), but not in the parental EBV-negative cell lines, 
suggesting that LMP1 increases HIF-1 activity through 
induction of HIF-1 α protein expression, which is 
controlled by p42/p44 MAPK activity and H2O2. The 
ability of EBV, and specifically its major oncoprotein, 
LMP1, to induce HIF-1 α along with other invasiveness 
and angiogenic factors reported previously discloses 
additional oncogenic properties of this protein in NPC 
cells [57]. 

 
Wei-Wen Sung et al show that under LMP1 excitation, 

remarkable activity of ERK1/2 signaling in HIF-1α gene 
transcription through preponderant action of NF-κB p50 
was shown. In addition, they prove that LMP1 activate 
transcription and post-transcription processes of the HIF-
1α gene in NPC cells [58]. In the post-transcription step, 
the stability of HIF-1α mRNA was enhanced via down-
regulation of RNA-destabilizing TTP and PUM2 by LMP1 
through CTAR1- and CTAR3-engaged ERK1/2, as well as 
the STAT3 signaling pathway [58]. Concomitantly, the 
LMP1 CTAR1-recruited ERK1/2 signal was also involved 
in the facilitation of the HIF-1A promoter by LMP1 
through activation of the canonical NF-κB pathway. 
Notably, elevated HIF-α further displayed a positive 
feedback loop of transcription regulation on its own gene 
promoter under LMP1 excitation [58]. The principal of the 
previously stated pathways is illustrated in figure I. 
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Conclusion 

Most oncogenic viruses, including EBV has their 
oncoprotein, these oncoprotein help viruses to establishes 
a latent growth-transforming infection in host cells. This 
review described and illustrated the main signaling 
pathways that LMP1 can alter in order to activate aerobic 
glycolysis. The authors shown that LMP1 activates 
mTORC1 which induces NF-κB signaling activation and 
Glut-1 transcription [38]. mTORC1/ NF-κB signaling in 
LMP1-expressing cells accelerates glucose uptake, lactate 
production and aerobic glycolysis [29]. In parallel LMP1 
induce and activate C-Myc witch is an essential for the 
upregulation of HK2 and enhancement of glycolysis, and 
the LMP1-irritated PI3K/Akt-GSK3beta-FBW7 signaling 
axis results in settlement of C-Myc in NPC cells [48]. 
Furthermore, LMP1 enhance the activity of ERK1/2 
signaling in HIF-1α gene transcription through 
preponderant action of NF-κB p50. In addition, this 
review describes how LMP1 activate transcription and 
post-transcription processes of the HIF-1α gene in NPC 
cells [58]. In the post-transcription step, the stability of 
HIF-1α mRNA was enhanced via down-regulation of RNA-

destabilizing TTP and PUM2 by LMP1 through CTAR1- 
and CTAR3-engaged ERK1/2, as well as the STAT3 
signaling pathway [58]. 

 
In conclusion, LMP1 is a key regulator of the 

reprogramming of EBV-mediated glycolysis especially in 
NPC cells. Given the importance of EBV-mediated 
deregulation of glycolysis, anti-glycolytic therapy might 
represent a worthwhile avenue of exploration in the 
treatment of EBV-related cancers. Understanding the 
overall mechanism of aerobic glycolysis, then the ability 
of the oncoprotein of a tumor virus to alter and modify 
these signaling pathways, can help to develop an anti-
glycolytic therapy which could be an encouraging 
opportunity in the management of EBV-related cancer 
[48]. 
 

Lastly, adding the capacity of EBV to induce aerobic 
glycolysis to its relevant role to induce cell proliferation 
and the inhibition of apoptosis, all these characteristics 
should prompt current research to improve the 
vaccination strategies against EBV. 

 
 

 

Figure: Schematic Illustration of LMP1-induced glycolysis pathways inEBV-related carcinoma cells. 
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