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• EBV infects human B cells, can cause infectious mononucleosis, 
and, in immunocompromised individuals, can develop into B cell 
malignancies

• Latent EBV proteins and miRNAs can aid in the development of 
cancer

• EBV additionally expresses a number of lytic genes during viral 
replication, some of which, like BILF1, BHRF1, and BZLF1, are 
implicated in tumorigenesis

EBV was the first oncogenic virus discovered in humans. While EBV remains latent in 90% of the global adult population, it is also associated with several potentially fatal cancers including diffuse large B cell lymphoma (DLBCL), post-transplant lymphoproliferative disorder (PTLD), 
nasal T/ natural killer (NK) cell lymphoma, and nasopharyngeal carcinoma. Having a thorough understanding of how EBV promotes the characteristic hallmarks of cancer, cellular abilities acquired during tumorigenesis, is necessary for the discovery of rational targeted therapies. In 
2011, Hanahan and Weinberg defined 8 hallmarks of cancer – sustaining proliferative signaling, repressing growth suppressors, preventing cell death, enabling replicative immortality, promoting angiogenesis, triggering invasion and metastasis, deregulating cellular energetics, and 
evading the host immune system – and 2 enabling characteristics – inducing genomic instability and tumor promoting inflammation. Here, we review some mechanisms by which EBV promotes four of these hallmarks in EBV+ B cell lymphomas such as DLBCL and PTLD: evading host 
immunity, deregulating cellular energetics, resisting cell death, and inducing angiogenesis. Understanding the ways EBV promotes these hallmarks of cancer could provide novel targets for viral-specific therapies in cancer treatment. 
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• Investigate the mechanisms by which EBV drives the 
hallmarks and enabling characteristics of cancer in 
EBV+ B cell lymphomas
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FUTURE DIRECTIONS
• Expand literature review of each hallmark shown here
• Perform a literature review of the remaining 4 hallmarks and 

2 enabling characteristics, of cancer in EBV+ B cell 
lymphomas 

• Synthesize this information into a review article 

Figure 3 Regulation of the Intrinsic Pathway of Apoptosis by EBV. Blue correlates to the EBV genes that influence host 
cellular pathways. Grey correlates to some key host cellular pathways for this hallmark. (a) Physical interactions of EBV 
BHRF1 with cellular Bcl-2 proteins. (b) EBV regulation of the intrinsic pathway of apoptosis in B cells. Created using 
BioRender.com.

CONCLUSIONS

Regulation of the Hallmarks of Cancer by Epstein-Barr Virus (EBV) in 
EBV+ B Cell Lymphomas

Figure 4. Deregulation of Cellular Metabolism by EBV. Blue correlates to the EBV genes that influence host cellular
pathways. Grey correlates to some key host cellular pathways for this hallmark. Modified from Darekar et al. (2012).
Created using BioRender.com.

Figure 3. EBV Regulation of the Intrinsic Pathway of Apoptosis. Blue correlates to the elements of EBV that are influencing 
cellular pathways. Grey correlates to cellular pathways in the host cell. (a) Physical interactions of EBV BHRF1 with cellular 
Bcl-2 proteins. (b) EBV regulation of the intrinsic pathway of apoptosis in B cells. Created using BioRender.com.

Figure 6. Regulation of Angiogenesis in EBV+ B Cell Lymphomas and Nasopharyngeal Carcinoma (NPC). Blue correlates 
to the elements of EBV that are influencing cellular pathways in B cell lymphomas. Red correlates to elements of EBV that 
are influencing cellular pathways in NPC and is to be determined in B cell lymphomas providing avenues for future 
study. Grey correlates to cellular pathways in the host cell. Created using BioRender.com . 

Immune Evasion

Deregulating Cellular Energetics

Resisting Cell Death

Inducing Angiogenesis

* These authors contributed equally to this work

Figure 1: Patterns of EBV Gene Expression in EBV+ B Cell Lymphomas. (a) Expression of EBV nuclear 
antigens (EBNAs), latent membrane proteins (LMPs), BamHI-A region rightward transcript (BART) microRNAs 
(miRNA), BamHI fragment H rightward open reading frame 1 (BHRF1), which exists as both a miRNA and a protein, 
and EBV-encoded small RNAs (EBERs) in the four stages of EBV latency. (b) Map of the EBV latency genes, 
miRNAs, EBERs, promoters (Cp, Wp, and Qp), and the origin of replication (OriP) in the EBV genome. Modified from 
Price and Lufgit, 2015; Created using BioRender.com.

• Promoting Angiogenesis: Tumors form blood vessels from 
existing vasculature, creating an abnormal vascular network. 
Angiogenesis is vital to cancer cells because it helps tumors 
fulfill basic needs such as obtaining nutrients and oxygen and 
help expel waste and carbon dioxide.

• Deregulating Cellular Energetics: Cancer cells exhibit altered 
metabolism which allows them to grow and proliferate at higher 
rates than normal cells.

• Evading Host Immunity: Cells with mutations that could 
become cancerous are often targeted and eliminated by the host 
immune system. However, cancer cells that form tumors have 
avoided recognition and killing by the host immune system. 

• Resisting Cell Death: Cells with mutations that alter the 
regulation of cell death pathways, including apoptosis, allow 
them to avoid undergoing cell death induced by cellular 
stressors or detection by the immune system. 

Figure 2: Hallmarks and Enabling
Characteristics of Cancer. Opaque
hallmarks are those covered in this
poster; translucent hallmarks and
enabling characteristics are not
covered here. The 8 hallmarks of
cancer are continuous proliferative
signaling, avoiding growth
suppressors, preventing cell death,
enabling immorality, promoting
angiogenesis, triggering invasion
and metastasis, deregulating cellular
energetics, and immune evasion.
The 2 enabling characteristics of
cancer are genomic instability and
tumor promoting inflammation.
Modified from Hanahan and
Weinberg Cell 2011. Created using
BioRender.com.

• The immune system involves host cells and proteins that recognize 
and eliminate foreign or unhealthy cells 

• Antigens on foreign or unhealthy cells are broken down and 
presented on cell surfaces using major histocompatibility complex 
(MHC) molecules to active other immune cells 

• EBV lytic protein BILF1 downregulates MHC class I proteins  
• EBV miRNA downregulate TAP2, which is required for MHC class I 

antigen presentation 
• EBV miRNA and latent proteins alters expression of immune 

checkpoints PD-L1 and PD-L2 on B cells. Binding of PD-1 on T 
cells and PD-L1 or PD-L2 on infected B cells inhibits T cell 
activation and results in T cell anergy, a state of reduced 
proliferation and antigen responsiveness. 

• Apoptosis occurs via 3 pathways: extrinsic, intrinsic, and 
endoplasmic reticulum stress pathway

• The intrinsic pathway of apoptosis is mediated by Bcl-2 family 
proteins which are in the mitochondria; activation of these proteins 
leads to permeabilization of the mitochondria and activation of 
caspase proteins, effectors of apoptosis

• BCL-2 family proteins are comprised of pro-survival and pro-
apoptotic proteins; imbalances in these proteins can lead to cell 
death 

• EBV BHRF1, a BCL-2 homolog, and EBV EBNA1, 3A, and 3C 
proteins regulate activation of the intrinsic pathway

• EBV miR-BART22, 16, and 1-3p target and downregulate Caspase 
3, a downstream effector protein of apoptosis

• Cancer cells are those with mutations which allow them to divide 
uncontrollably

• Cancer progression can be categorized into 8 hallmarks, abilities 
cancer cells acquire during tumorigenesis, and 2 enabling 
characteristics, qualities that promote the development of 
hallmarks.

• Vascular Endothelial Growth Factor VEGF) promotes increased    
vascular permeability and neovascularization, forming new blood 
vessels

• Upregulation of cyclooxygenase 2 (COX-2) may lead to 
angiogenesis through upregulation of proangiogenic factors such 
as VEGF

• EBNA1, LMP1, and BZLF1 increase levels of VEGF
• EBNA3C and LMP1 both separately work to induce COX-2 in 

EBV+ cancers

a) b)

• Deregulation of cellular metabolism can aid tumors in cell proliferation 
and growth through aerobic glycolysis where cells produce higher levels 
of ATP and exhibit an increase in glucose uptake and lactose production.

• LMP1 triggers GLUT1 localization which is key for an increase in glucose 
consumption

• Hypoxia-induced factor 1A (HIF1A), a transcription 
factor that responds to a decrease in oxygen, can induce different 
glycolytic genes and enzymes involved in extracellular glucose 
import. EBV genes EBNA5 and EBNA3 promote HIF1A stabilization by 
inhibiting its proteasomal degradation through binding to PHD1 and 
PHD2\

• c-MYC is a proto-oncogene that can stimulate several glycolytic enzymes 
and promotes the Warburg Effect. EBNA2, LMP1, and 
EBNA3 all separately work to increase transcription of c-MYC

Figure 7: Therapies Targeting Hallmarks of cancer. Black boxes contain drugs known to inhibit key cellular process in 
each hallmark. Blue boxes contain potential EBV targets with therapeutic potential. Some examples of known drugs: 
Venetoclax is a Bcl-2 inhibitor; Nivolumab blocks binding of PD-1 to PD-L1, Topotecan inhibits HIF1A translation and 
transactivation, Bevacizumab is a VEGF-A inhibitor. Modified from Hanahan and Weinberg 2011. Created using 
BioRender.com

• We focused on four different hallmarks in this review:


